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ABSTRACT:  
The World Health Organization has recently focused attention on guidelines for night noise 
in urban areas, based on significant medical evidence of the adverse impacts of exposure to 
excessive traffic noise on health, especially caused by sleep disturbance. This includes 
serious illnesses, such as hypertension, arteriosclerosis and myocardial infarction. 
2Loud? is a research project with the aim of developing and testing a mobile phone 
application to allow a community to monitor traffic noise in their environment, with focus 
on the night period and indoor measurement. Individuals, using mobile phones, provide 
data on characteristics of their dwellings and systematically record the level of noise inside 
their homes overnight. The records from multiple individuals are sent to a server, integrated 
into indicators and shared through mapping. The 2Loud? application is not designed to 
replace existing scientific measurements, but to add information which is currently not 
available. Noise measurements to assist the planning and management of traffic noise are 
normally carried out by designated technicians, using sophisticated equipment, and 
following specific guidelines for outdoors locations. This process provides very accurate 
records, however, for being a time consuming and expensive system, it results in a limited 
number of locations being surveyed and long time between updates. Moreover, scientific 
noise measurements do not survey inside dwellings. 
The aims of this report are the following: 
1. To present and assess the mobile application developed for community monitoring 
of traffic noise, called 2Loud?. 
2. After validating the mobile application, to characterise indoor exposure to traffic 
noise in the vicinities of Monash and Eastern Freeways within the boundaries of the 
study area in the City of Boroondara. 
3. To provide context by characterising outdoor exposure to traffic noise in the 
vicinities of Monash and Eastern Freeways within the boundaries of the study area in 
the City of Boroondara. 
4. To assess the difference between indoor and outdoor exposure to traffic noise, and 
evaluate how built environment factors are related to the difference. 
5. To present and discuss the participatory process proposed for community 
monitoring of traffic noise. 
6. To evaluate the research methodology and indicate further improvements and 
future paths. 
 
 
Key words: 2Loud?, Freeway traffic noise; noise monitoring; mobile sensing; participatory 
sensing; GIS. 
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1 Introduction 
1.1 Research context and goals 
Environmental noise is an unwanted or harmful outdoor sound created by a diversity of human 
activities, including noise from road, rail, airports, and from construction and industrial sites. It is a 
side-effect of global trends of urbanisation, with public health implications for citizens’ well-being 
and quality of life.  
This paper reports on the second phase of a broader project on the “Effects of traffic noise on 
health”. The aim of the broader project is to better understand the relationship between exposure 
to traffic noise and health, and produce knowledge that can assist in developing more informed and 
unified policies for traffic noise management in Australia. 
The first phase of the project, developed in 2012, consisted of a review of national and international 
literature related to medical evidence of the relationship between noise and health, and policies for 
noise management. The main findings of the preliminary review are briefly listed as (Leao et al, 
2012): 
 There is ample medical evidence of the adverse impacts of exposure to excessive traffic noise 
on health since the 1960s, including serious illnesses, such as hypertension, arteriosclerosis and 
myocardial infarction (for references, see Peerson at al., 2012). An increasing amount of 
research and scientific development from the 1960s until the present has confirmed old 
findings, and added to the existing evidence. Research on the relationship between noise and 
health is extensive and varied, either in the themes, methods, or field of analysis. Most of the 
research in this area has been developed in Europe. Unfortunately, there are few studies 
assessing impacts of traffic noise on health for the Australian context. 
 Sleep disturbance is identified as the major cause of ill health from exposure to noise. It causes 
arousal of the endocrine and autonomic nervous system, which affects classical biological risk 
factors for health, such as blood pressure, blood lipids, glucose regulation, blood flow, 
haemostatic factors, cardiac output, and also causes chronic metabolic changes and 
dysfunctions. In 2011, The World Health Organisation (WHO) recommended a reduction of the 
night noise threshold from 50dB(A) to 40dB(A), based on new medical evidence that sleep 
disturbance starts at 42dB(A).  
 There is a gap between the long existing scientific knowledge of the adverse effects of traffic 
noise on health and its transposition to policies for managing noise in urban areas. Only 
recently has this evidence started to inform urban policy making. The European Union (EU) has 
pioneered developing evidence-based policies for noise management. In 2002, Europe adopted 
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the END (the European Noise Directive), to which all EU member states had to conform. The 
European Noise Directive currently advocates the following indicators: 55dB(A) for the daytime 
period and 50dB(A) for the night period. 
 Policies for noise management in Australia differ significantly among states. Thresholds and 
indicators for noise policies are diverse (for example, ranging from 55/60dB(A) in NSW to 
63/68dB(A) in Victoria for the daytime period, before sound attenuation is implemented on 
freeways), they are generally arbitrary and not based on scientific evidence, and they are 
sometimes incomplete (for example, Victoria does not have a specific threshold for the night 
period). As a rule, they allow high level of exposure to noise in Australia, in comparison to 
current best practice in Europe.  
Taking these findings into consideration, the second phase of the broader project began in 2013, 
assessing the level of exposure to traffic noise of residents living in the vicinity of freeways in the City 
of Boroondara (Victoria, Australia). The focus was on the night period and indoor locations, as sleep 
disturbance is the major trigger for ill health related to exposure to traffic noise. Therefore, a 
participatory process enabling residents to measure their own environmental noise using mobile 
phones is proposed, in order to facilitate indoor-overnight monitoring, and to engage and educate 
the local community. The 2Loud? mobile phone application has been developed for this purpose. 
In order to develop a more comprehensive assessment of the situation regarding exposure to traffic 
noise in the study area of the City of Boroondara (CoB), outdoor noise was also investigated. For this 
purpose data provided by VicRoads and CoB were analysed and mapped, and also integrated with 
new scientific sound measurements performed by Deakin University in some parts of the study area. 
1.2 Participatory and mobile sensing 
Numerous international reports have expressed the importance of public participation in the move 
towards sustainable development for cities and regions (Banisar et al., 2012). For example, at the 
1992 United Nations Conference on Environment and Development (UNCED), Principle 10 addressed 
the importance of public participation in the management of environmental issues. Following this, 
the Aarhus Convention in 1998 (United Nations Economic Commission for Europe, UNECE) 
emphasised the need for access to information and public participation in decision-making, as well 
as access to justice in environmental matters. Recently, in the Rio+20 Conference on Sustainable 
Development in 2012, Principle 10 was again in the forefront of discussions. 
Considerable debates have emerged surrounding the meaning of participation and the various forms 
it can take. There is a diversity of power relations in public engagement. Participation in urban and 
environmental management can range from simple consultation processes where only opinions are 
exchanged, to real collaboration, or even to fully transformative and empowering processes where 
decision making is shared between multiple stakeholders, including the community (Pretty et al, 
1995). 
Conrad and Hilchey (2011) reviewed 10 years of literature on community based monitoring groups. 
They concluded that public participation in environmental monitoring, planning, and decision 
making has enjoyed significant growth, which can be correlated to the increase in public 
environmental consciousness over the last couple of decades, together with increasing adverse 
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effects from urbanization and other human interventions, and the strengthen of democratic rights in 
most countries. In line with the specific focus of this stage in the project, this report focuses on a 
review of participatory processes related to environmental monitoring. 
Participatory sensing, community sensing, citizen science are all interrelated concepts under the 
umbrella of public participation. They all emphasise the involvement of citizens and community 
groups in the process of sensing and documenting life where they live, work and play, ranging from 
private and personal observations to the combination of data from hundreds, or even thousands of 
participants, which reveals patterns across an entire city (Goldman et al., 2009).  
Several features of mobile phones make them a unique and unprecedented tool for engaging 
participants in sensing their local environment (Gouveia and Fonseca, 2008). Smart-phones come 
with a growing set of powerful embedded sensors, such as an accelerometer, digital compass, 
gyroscope, GPS, microphone, and camera, enabling the emergence of personal, group, and 
community-scale sensing application (Lane et al., 2010). In addition to sensing, phones come with 
computing and communication resources that offer a low barrier of entry for third-party 
programmers, and current application stores allow the developers to deliver their work to large 
populations of users across the globe. Also, the mobile computing cloud enables developers to 
offload mobile services to back-end servers, providing resources on an unprecedented scale and 
additional resources for computing on collections of large scale sensor data. Moreover, mobile 
phones present sheer ubiquity across the demographic and geographic spectrum (Goldman et al., 
2009). The combination of these advances opens the door for new innovative research and will lead 
to development of sensing applications that are likely to revolutionize a large number of existing 
business sectors, and ultimately, significantly impact our everyday lives (Lane et al., 2010). 
For example, accelerometer data is capable of characterising the physical movements of the user 
carrying the phone (ex. CenceMe application). The GPS allows the phone to localise itself, enabling 
new location-based applications such as local search and navigation. The compass and gyroscope 
represent an extension of location, providing the phone with increased awareness of its position in 
relation to the physical world (direction and orientation), enhancing location-based applications. The 
camera and microphone are probably the most ubiquitous sensors available, allowing the mobile 
phone to record sounds and images. A large number of combinations of these sensors is possible, 
enabling applications to perform highly complex monitoring tasks (Lane et al., 2010).  
In all likelihood more sensors will be incorporated into phones in the future. Some examples may 
include barometer, temperature and humidity sensors (Chaudhurry et al., 2008), air quality sensors 
(Honicky et al., 2008), blood pressure sensors in an individuals’ ear phones (Poh et al., 2009), etc. 
Participatory mobile sensing is based on the understanding that the benefits from a participatory 
process in environmental monitoring include increasing environmental democracy, scientific literacy, 
social capital, cost-effective provision of data, and potential improvement of environmental 
conditions (Conrad and Hilchey, 2011). In the case of research projects, the participatory monitoring 
process can also make environmental science and expertise more accessible to the public while also 
making scientists more aware of local knowledge and expertise. 
With these benefits, however, come challenges. Conrad and Hilchey (2011) identified a number of 
issues that can hinder the success of community based monitoring groups in achieving their goals. At 
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the organizational level, lack of volunteer interest, networking opportunities, funding, and access to 
information were listed as the most common problems. Data collection issues include data 
fragmentation, inaccuracy, and lack of participant objectivity. Finally, many groups found that their 
data was not ultimately used in the decision-making process. 
Combined technologies that empower individuals in the process of monitoring and understanding 
their environment exist today. What is necessary to develop further is to extend and combine them 
in innovative and informative ways that engage individuals as active members of society and nurture 
the current culture of participation that is taking root around these transformative technologies 
(Goldman et al., 2009). Participatory sensing can have a profound influence on individual people and 
society at large. 
1.3 Precedents of noise monitoring using mobile phones 
There are numerous applications for smartphones designed to measure sound or assess noise. A 
search on the 1st of June 2013 in the Apple App Store, for example, using “sound meter” as the key 
word, resulted in 120 application available for i-phones. Using different search terms, such as 
“noise” or “loudness” increases this list even further.  Performing a similar search in Android Market, 
Microsoft Mobile Marketplace or Nokia Ovi would potentially add another hundred applications to 
the list. 
This does not mean, however, that smartphones can be easily and readily used as sound meters for 
the purpose of providing data for noise management. Most of these application were designed for 
entertainment only, allowing the users to have an insight on the levels of noise they are experiencing 
at a certain location and time, but without high levels of accuracy. 
A review of scientific literature highlighted only three applications which were scientifically 
designed, implemented and tested to measure noise through mobile phones within a framework for 
community participation. They are (1) the NoiseTube, developed in 2009 by an integrated group of 
European universities (France, Belgium and The Netherlands) (Maisonneuve et al., 2009), (2) the 
NoiseSpy, developed in 2010 by the University of Cambridge, UK (Kanjo, 2010), and (3) the Ear-
Phone, developed in 2010 and led by the University of New South Wales and CSIRO, Australia, with 
collaboration of Portland State University, USA (Rana et al., 2010). 
These are three recent precedents for the research presented here. They have both similarities and 
differences in their goals and selected platforms, and some differences in their implementation and 
testing strategies, and also the resulting achievements. 
(1) NoiseTube: The NoiseTube project aimed at developing a participative noise pollution monitoring 
network to enable citizens and governmental bodies to gain awareness of and insight into the 
problem of urban noise pollution and its social implications. This development was motivated by the 
END (European Noise Directive) which placed emphasis on the development of noise maps, which 
would provide a detailed and complete portrayal of the population’s exposure to noise.  
The NoiseTube platform consists of an application which the participants install on their mobile 
phones to turn it into a noise sensor device. The mobile application contains a real-time signal 
processing algorithm which measures the loudness level of the microphone at a chosen interval. An 
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A-weighted filter is then applied and the equivalent sound level (Leq) measured in dB(A) is computed. 
The calculated loudness is displayed on the mobile phones’ screen. Users can annotate sound by 
specifying the source of a noise and creating an annoyance rating or any other additional contextual 
information. The noise readings and annotations are sent to a server with additional information of 
location (mobile GPS) and time (mobile clock). Users can visualise aggregated noise data on a map 
overlaying Google Earth. Details on the method for data aggregation are not provided.  
The NoiseTube application is written in Java for a Symbian/S60 operating system, and has been 
tested on a Nokia N95 smart phone. No public experimentation of the application by community 
members has been developed. The accuracy of the program in this phone, compared to a scientific 
sound meter in a laboratory experiment, resulted in a final precision of +4dB within a sound scale 
from 35 to 100dB.  
(2) NoiseSpy: Similar to the previous application, NoiseSpy is a sound sensing system that turns a 
mobile phone into a low-cost data logger for monitoring environmental noise, allowing users to 
explore a city area while collaboratively visualizing noise levels in real time. It is developed for Nokia 
Series 60 with Symbian OS v9, written in C++. The main purpose of NoiseSpy is to emphasize the use 
of the application as a means for engagement of people in mass participation in environmental 
campaigns, and as a consequence, to raise awareness of environmental issues and supporting 
education processes. The application of the data for planning and management seems secondary, 
since no assessment of the accuracy of the data has been performed.  
(3) Ear-Phone: The Ear-Phone project is focused on producing noise maps, taking into consideration 
the intrinsic difficulties imposed by data provision from citizens and through mobile phones. The 
research team recognizes that in principle, mobile phones are intended for communication, rather 
than for acoustic signal processing. However, to be credible, noise pollution data collected on mobile 
phones should be comparable in accuracy to commercial sound meters used to measure noise 
pollution. Therefore,  the Ear-Phone developed a methodology based on compressive sensing, which 
addresses the problem of recovering the noise map from incomplete and random samples obtained 
by crowd-sourcing data collection.  
Similar to the previous two applications reported here, Ear-Phone was written on Java for Symbian 
OS, and designed to run in Nokia N95 and HP iPAQ 6965. After calibration, compared to a 
commercial sound meter, Ear-Phone demonstrated a precision of + 2.7dB. Only changes in sound 
from 3dB are perceptible to the human ear. This result assumes the phone is carried in the 
volunteer’s palm or in a manner such that the microphone is not obstructed. The second 
performance assessment of Ear-Phone was related to the aggregation of the data through the 
compressive sensing methodology. Results from a case study with six participants indicated that 
when data from only one person was used, the reconstruction does not reveal any distinct patterns. 
However, when data from multiple persons were included, the reconstruction gradually revealed 
contrasts between noisy and the quiet areas. Furthermore, after a certain threshold, increasing data 
contributors did not improve the reconstruction accuracy significantly. This method and experiment 
demonstrates the importance of mass participation in citizen science. 
There has been significant discourse in the literature about participatory noise mapping using mobile 
phones, with advocates of the pro (D’Hondt et al., 2012) and con (Santini et al., 2009) perspectives. 
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This debate is very healthy as it helps to raise the importance of community participation, and at the 
same time, identifys barriers and limitations that would need to be addressed if a higher level of 
application of the noise data for planning, management and decision making is desired.  
Unfortunately, while some academics were assessing and discussing the implications of the systems 
proposed and tested, the majority of the authors of the application described here, moved on to 
new topics of research. This is unfortunate, because this field needs further development before it 
can produce a significant impact on the foundations, methods and procedures for urban noise 
management. One of the main causes of the abandonment of participatory-mobile noise mapping 
research may be because the research presented here was led by the information technology field 
and had technological development as the driving force. Information technology is a very dynamic 
field, and highly instrumental and operational in its developments. Most of the researchers involved 
in developing NoiseTube, NoiseSpy and Ear-Phone, remained  working on the fields of pervasive 
computing and wireless sensing, but they are now developing different systems or approaching 
different themes related to mobile sensing.  
The only exception was one of the authors who has expertise not only on mobile computing, but 
also in citizen science. Therefore, their driving forces were not only technological development, but 
the implications of the technology to community participation and the wider social and political 
effects. He continues to develop and publish in the area of participatory noise mapping. Indeed, a 
publication in 2012 presented additional and positive results for a case study using NoiseTube 
(D’Hondt et al., 2012). The paper aimed to provide concrete proof that participatory techniques, 
when properly implemented, can achieve the same accuracy as standard noise mapping techniques.  
A public experimentation of NoiseTube has been reported four years after its development in 2009. 
The case study was developed in the city of Antwerp, using NoiseTube, through a citizen science 
experiment for noise mapping in a 1 km2 area. Measuring equipment, in accordance with official 
norms, insofar was set up, and also extensive calibration experiments were carried out. Moreover, 
13 volunteers from a citizen-led Antwerp-based action group collaborated in collecting the 
measurements. From the data gathered they construct purely measurement-based noise maps of 
the target area with error margins comparable to those of official simulation-based noise maps. They 
also reported on a survey evaluating NoiseTube, as a system for participative grassroots noise 
mapping campaigns, from the users’ perspective.  De-identification of the data was obtained from 
aggregation of noise readings by grid cells, however, there is no details explaining how data from 
different days and time are integrated into the final indicator for each cell. 
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2 Research Design 
Despite the diversity in why and how individuals engage in participatory sensing, the basic process is 
similar across the approaches. In order to present the 2Loud? project approach, this research uses a 
framework suggested by Goldman et al. (2009) for the steps of the sensing process (coordination, 
capture, transfer, storage, access, analysis, feedback, and visualization), adapting to this project 
through the inclusion of few new steps (scope, development of the sensing system, validation, and 
GIS).  
Figure 1 presents a scheme of the proposed research design for 2Loud?. It integrates the steps 
mentioned in the previous paragraph into five milestones: (1) planning; (2) development; (3) testing 
and use; (4) validation; and (5) feedback. These are described below. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1. 2Loud? research design 
Planning 
Scope: This step involves the definition of the scope of the project in terms of its purpose, 
boundaries and coverage. Santini et al. (2009) noted that contextual-awareness in noise 
measurement by mobile-phones is essential for quality and potential application of the data. It 
means that when and how the noise is measured should not be random. The more contextually 
defined the noise readings are, the easier and more robust the process of multiple data integration 
will be. Location, time, conditions for noise readings such as ‘out of the pocket’, ‘stationary’, 
‘indoors’, ‘outdoors’, ‘during the day’, ‘for a particular event’, ‘during the night’ are all examples of 
contextual characteristics. The context for the 2Loud? project was defined by the Deakin University 
team and the City of Boroondara Freeway Noise Community Group, through integrated discussion. 
The 2Loud? project is focused on characterising the exposure to traffic noise inside the dwellings of 
residents living in close proximity to freeways during the night. This context defines the scope of the 
project in terms of general location (close proximity to freeways), specific location (inside dwellings), 
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and time (overnight).  
Taking into consideration the availability of recent data on outdoor traffic noise in the study area 
from VicRoads and CoB, the difference between indoor and outdoor exposure to traffic noise was 
also assessed in this research, being related to site and dwelling characteristics. This does not divert 
the research from its focus; indeed, it complements the contextual characterisation of exposure to 
traffic noise, providing some information of noise attenuation processes. 
The 2Loud? project scope is also based on the understanding that exposure to traffic noise is a 
complex issue with multiple variables, and that no single solution can be effective (Figure 2). The 
2Loud? project relates noise readings from the community to information gathered on the 
geographic context, characteristics of the dwellings and transportation. 
 
 
Figure2. Factors affecting directly or indirectly the exposure to traffic noise of residents  
(source: The authors) 
 
Coordination: This step involved recruiting and communicating with participants to explain the 
sensing effort and provide necessary guidance. The recruitment and communication strategy 
involved  an invitation letter to all addresses within the study area (approximately 800 potential 
participants), a website dedicated to the project (www.2loud.net.au, Figure 3), regular articles 
published in the on-line council Bulletin, links to social media, updates in the weekly newsletter 
distributed to all households in the council area, internet and phone support to new users. 
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Figure 3. 2Loud? website (source: The authors) 
Development 
This refers to the development of sensing system. The 2Loud? application was developed to run on a 
limited set of smartphones with similar hardware; namely the iPhone 4, 4S and 5. It was developed 
using MonoTouch on Xamarin Studio and runs on iOS 5.0 and above. By limiting the hardware to a 
select few, the researchers were able to easily calibrate the measurements to a specific sound 
meter. This allowed the project to provide an error boundary so that any analysis from the 
subsequent community readings are meaningful. Preliminary calibration in a pilot study with five 
sites resulted in accuracy levels of +3dB(A). 
During measurements, the 2Loud? application records the sound via the smartphone’s microphone. 
To ensure a reliable result, the current implementation focused on the signal processing of the 
sound captured. 2Loud? first records the sound at 44.1kHz at 16bits, which is equivalent to the 
sound quality of a music CD. The recording is processed in 1 second blocks, where Fast Fourier 
Transform (FFT) was applied to the waveform to identify the individual sound pressure levels across 
the frequency spectrum. The sound pressure level at each key frequency is then A-weighted 
accordingly to obtain the final reading. To further ensure that the readings are obtained indoors at 
the household of interest, the geo-location of each reading is further used to filter any readings 
taken outside a given radius of the household’s address. 
In order to satisfy the expectation of residents who live outside of the study area, but are interested 
and motivated to engage in the monitoring process, 2Loud? allows users to operate the application 
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in “lite mode”. This provides functionalities of monitoring local noise without sending the readings to 
the server for further analysis.   
Testing and Use 
Capture: This step refers to the acquisition of noise data on a mobile phone. After uploading to 
personal mobile phones from the Apple App Store, 2Loud? measures sound pressure levels (SPL) in 
A-weighted decibels, displaying the instantaneous sound pressure level and the long term equivalent 
for an interval on the mobile screen. The user needs to manually start and finish the monitoring 
process. The best place and time to measure noise for the purpose of the project is from 10pm to 
7am, inside residences, in a silent room facing the freeway. Location, date and time are 
automatically captured from the phone together with the noise measurements by the application. 
Day measurements can also be carried out by participants.  
Transfer and Storage: In this step, the data captured using the mobile phone is transferred to a 
server through existing wireless networks. In the current implementation, the 2Loud? application 
emits 10 readings per second and for each minute, the application will upload the readings to a 
server. In the pilot run, twenty server instances were set up on Microsoft Azure 
(http://www.windowsazure.com) to handle up to 800 separate measurement streams. The 
application is assigned to one of the twenty Azure instances automatically when the user runs the 
application for the first time. By spreading the upload across twenty Azure instances, we avoid a 
single point of failure during the continuous operation overnight from 10pm to 7am – the period of 
study. Once data capture is completed, the data is then downloaded for analysis. 
Access: The importance of privacy and security of personal data in participatory sensing processes is 
emphasised in the literature (Lane et al., 2010; Kanjo et al., 2010). The 2Loud? project data policy is 
regulated by the project approved by the Research Ethics Committee (STEC-6-2013-LEAO). All data 
provided by participants is de-identified and kept safe and confidential. Only aggregated data, which 
protects privacy, is presented publicly in the form of noise maps, tables or graphs.  
Analysis: This step includes some data processing methods in order to convert a large amount of 
instantaneous noise readings produced by the community from different sources, dates and times, 
into more meaningful indicators of noise exposure. Acoustic signals usually exhibit quick and wide 
fluctuations, and for this reason, noise levels are generally computed as long term averages. The 
instantaneous readings are converted into LAeq for a period of 1 hour, for the whole duration of the 
monitoring, for each user. Aggregation of data (average and standard deviation) is performed for 
different readings from the same user first, and from different users within the same cells, 
subsequently.  
GIS (Geographic Information System): The 2Loud? project uses GIS (ArcMap and Google Earth) as a 
platform for integrating information. Noise readings, from both community monitoring and 
reference sites for calibration (next item), after processing, are related to locations. A number of 
spatial relations and analysis can be performed in GIS, such as different levels of exposure to traffic 
noise due to horizontal and vertical distance from freeways and the effect of different structure and 
materials of dwellings. This can be used to investigate patterns in space and time, and explore a 
combination of actions towards the attenuation of noise levels.  
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Validation 
Inaccuracy is frequently mentioned in the literature as one significant barrier to the full development 
of community participatory monitoring processes (Gouveia and Fonseca, 2008; Kanjo et al., 2010; 
Rana et al, 2010; Santini et al., 2009; Conrad and Hilchey, 2011; D’Hondt et al., 2012; ). In the 2Loud? 
project a number of laboratory and field experiments were developed to calibrate the application 
and evaluate its level of accuracy. 20 participants registered in the project were selected as 
reference sites. The reference sites, distributed across the study area, underwent a more complete 
process of noise monitoring. The 2Loud? application in a mobile phone monitors noise for a 24 hour 
period indoors; at the same time and at the same location a scientific sound meter monitors indoor 
noise with high precision. For a period of one hour, another sound meter measures outdoor noise, 
within the same 24 hour period. The placement for the inside and outside sound meters was 
determined according to AS1055.1: 1997 (AS, 1997). This set of noise readings allows the assessment 
of the accuracy of the 2Loud? noise measurements, and also the level of attenuation of noise 
between outdoors and indoors. Detailed characterisation of the location and house structure are 
computed.    
Feedback 
This project developed the first test of 2Loud?. The main feedback is provided by this report, which 
describes in detail the methodology developed and applied, the results obtained, and discussion on 
the impacts and potential improvements.  
Moreover, 2Loud? will, through the CoB, provide feedback to participants by delivering noise 
readings back to the community. For this purpose, 2Loud? provides maps of exposure to traffic 
noise, based on the noise measurements from the community.  
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3 Methodology 
 
3.1 Study area 
This research project addresses the situation of the City of Borrondara, in metropolitan Melbourne. 
There are two freeways crossing the boundaries of the Council: Eastern Freeway and Monash 
Freeway (Figure 4). VicRoads and TransUrban are responsible for those freeways. These roadways, 
according to current EPA-Victoria guidelines, have been designed to have a standard maximum limit 
of 63dB(A) for traffic noise, but also allow noise levels to reach 68dB(A) due to traffic growth before 
noise mitigation measures are implemented. Both thresholds are only for noise levels during day-
evening-night (Lden), without specific reference for noise levels during the night period (Lnight).  
 
   
Figure 4. Suburbs and freeways in the City of Boroondara 
According to the latest Census (ABS, 2011) the City of Boroondara has a population of approximately 
167,000 residents, distributed in around 60,000 households, with an average of almost 3 persons per 
household.  From this total, around 1,000 persons reside in dwellings located very close to the main 
freeways of the region (up to 100 meters). This figure increases to 7,000 residents when the buffer is 
increased to 250 meters from the freeways and to 20,000 persons when the residential locations are 
assessed within 500 meters from the freeways (Figure 5). This population, and also local workers 
from other regions, people in parks or in schools, can potentially be exposed to high levels of traffic 
noise in the region. Figures 6, 7 and 8 illustrate potential exposure to noise along the freeways in the 
region. 
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Figure 5. Population and % of households in the City of Boroondara by distance of dwellings from freeways 
 
  
Figure 6. Dwellings and park around Monash Freeway in the suburb of Glen Iris, City of Boroondara 
 
  
Figure 7. Dwellings and golf course around Eastern Freeway in the suburb of Kew East, City of Boroondara 
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Figure 8. Schools and universities around Monash Freeway and the City Link, City of Boroondara 
 
The preliminary intention in this research was to delimitate the boundaries of the study area for 
testing 2Loud? within the City of Boroondara by identifying the “hot spots” related to the exposure 
to traffic noise. In this context, only areas with high levels of exposure to traffic noise would be 
selected for the study. The information provided to the research team identifies the hot spots in the 
region, however, proved to be insufficient for the task. Noise measurements from VicRoads and CoB 
were from different periods (from 2008 to 2011), and some data was out of date for the current 
context of traffic volume. Moreover, because they were generally a response to complaints from 
residents related to annoyance caused by noise, the spatial distribution of noise measurements is 
uneven, not covering the whole area. Although the complaints may be an indication for “hot spots”, 
there may be residents equally annoyed, but not as active in expressing their complaints. Based on 
this situation, the research team, suggested an extension of the study area for testing the 2Loud?, 
aiming a more inclusive and representative area for analysis. The suggestion of extending the study 
area to the all dwellings closest to the two freeways whiting the Council has been discussed and 
agreed with the Freeway Noise Community Group. 
The selected study area encompasses the first row of dwellings closest to the two freeways. They 
have varied distances from the freeway, related to the morphology of the urbanisation. This 
selection criterion resulted in a potential sample of more than 800 dwellings along the two freeways. 
The distances from the dwellings to the freeways vary from 20 to 600 meters. 
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In order to protect the privacy of participants, all data collected on an address basis has been de-
identified and aggregated into a cell unit. Each cell contains an average of 7 to 8 addresses. All 
results are presented in a cell unit, without identification of address. 
Figure 9(a) presents the area selected as a case study along Monash Freeway, indicating the 
boundaries of the cells. It encompasses 381 parcels, with a population of approximately 1,200 
residents, distributed along 15.6 Km. These parcels were aggregated into 50 cells. Figure 9(b) 
illustrates a detail of the cells in the Monash Freeway area. 
 (a) 
 (b) 
Figure 9. Case study area along Monash Freeway, City of Boroondara 
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The distance from the dwellings to the Monash freeway in the study area varies from a minimum of 
19 meters to a maximum of 406 meters, with a mean of 213 meters and a standard deviation of 81 
meters. It follows a normal distribution (Figure 10). 
 
Figure 10. Histogram of distance from freeways in the study area along Monash Freeway 
 
 (a) 
 (b) 
Figure 11. Case study area along Eastern Freeway, City of Boroondara 
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Figure 11(a) presents the area selected as case study along Eastern Freeway, indicating the 
boundaries of the cells. It encompasses 436 parcels, with a population of approximately 1,300 
residents, distributed along 17.2 Km. These parcels were aggregated into 66 cells. Figure 11(b) 
illustrates a detail of the cells in the Eastern Freeway area. 
The distance from the dwellings to the Eastern freeway in the study area varies from a minimum of 
25 meters to a maximum of 600 meters, with a mean of 160 meters and a standard deviation of 115 
meters. The distribution is positively skewed (Figure 12). 
 
Figure 12. Histogram of distance from freeways in the study area along Eastern Freeway 
 
3.2 Spatial database 
This project used a Geographic Information System (GIS, ArcMap 10.1) as a platform for storing all 
the data collected, and for developing some preliminary spatial analysis. The geodatabase is 
presented in GDA 1994 MGA Zone 55S projected coordinate system. 
The traffic noise data which has been mapped include: 
 VicRoads outdoor traffic noise map model for 2011 (LA10 18hr) 
 VicRoads outdoor noise measurements in addresses along Monash and Eastern Freeways in 
2011 (readings for 24hr/day during one week); 
 CoB outdoor noise measurements in addresses along Monash and Eastern Freeways in 2010 
and 2012 (readings for 24hr/day during one week); 
 Deakin indoor noise measurements with scientific sound meters in reference sites (readings 
for 24hr/day); 
 Deakin indoor noise measurements with 2Loud? application in reference sites (readings for 
24hr/day); 
 Deakin outdoor noise measurements with scientific sound meters in reference sites 
(readings for one hour); 
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 Community indoor noise measurements with 2Loud? application in participant’s dwellings 
(readings according to residents’ participation). 
Figure 13 illustrates the potential multiple sources data on traffic noise in the study area. Forms of 
integration into the spatial unit of analsyis for 2Loud? is described below.  
Figure 13. Sources of traffic noise data in the spatial unit of analysis 
Figure 13 illustrates a hypothetical situation of a cell encompassing seven parcels. The parcel is the 
spatial unit of data input into the GIS system, and the cell is the minimum spatial unit for the system 
output. The data from multiple parcels are integrated into an attribute for a cell, protecting privacy 
and confidentiality of individual residents. Available data includes measurements of outdoor and 
indoor noise, and also from scientific sound meters and from the 2Loud? mobile application.  
For outdoor traffic noise, each parcel has a measurement according to the VicRoads Noise Map 
Model. Moreover, parcel seven has data on the outdoor traffic noise from a fieldwork assessment 
commissioned by the CoB or VicRoads. The comparison between fieldwork measurement and model 
attributes is important to assess the accuracy of the model, for which data is available for the whole 
study area. From these sources of data, a map has been produced informing the average outdoor 
noise for each cell of the study area, as an average of the LAeq 18hr of the parcels within the cell (Figure 
14.a).  
In terms of indoor noise, data is available for parcel 4, which is used as a reference site, and for 
parcels 1 and 2, with residents participating in the project and uploading their readings to the 
2Loud? server. The reference site measures indoor noise simultaneously with a scientific meter and 
the 2Loud? application for a period of 24 hours. This allows the assessment of the accuracy of 
2Loud? application. The participant residents record their indoor noise according to their availability, 
resulting in varied time and duration.  The available noise measurements for each reference site and 
participants have been converted into three noise metrics, according to the duration of the readings: 
(1) LAeq 9hr (22-7) to characterise overnight noise exposure; (2) LAeq 15hr (7-22) to characterise day exposure 
to noise; and (3) LAeq 18hr (6-12) to compare to VicRoads Noise Map Model data on outdoor noise in the 
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study area. The proportion of hours within the interval for each metric has been reported in order to 
describe how representative they are.  
The integration of the indoor noise data from multiple sources and multiple parcels into an attribute 
for a cell follows two steps. First, the metrics are calculated for each participant. If multiple readings 
for a single participant are available, they are averaged for the parcel, and subsequently multiple 
parcels readings are averaged for the cell. From these sources of data, a map has been produced 
informing the average indoor noise for each cell of the study area with available information from 
participants or reference sites. Each cell is described in terms of its average LAeq 9hr, 15hr and 18hr. Not all 
cells have all three metrics. This is dependent on the duration of the readings available. For example, 
most of the participants performed noise readings overnight, when they are at home, but not during 
the day, when they are at work or in other activities outside home. In order to check how complete 
the readings are, the proportion of hours for each metrics interval is calculated and then averaged. 
For example, 6hours of noise reading for the LAeq 9hr indicates a proportion of 0.67. Each metrics for 
the indoor noise is also accompanied by the standard deviation, when more them one reading or 
source is available. The standard deviation demonstrates the variability around the average for the 
sample within the cell. This is important, because variations of the indoor noise may be related to 
differences in the structure of the dwelling for the same cell. 
The indoor noise exposure was monitored for seven weeks during the test of the 2Loud? application. 
The metrics for indoor noise exposure have been calculated for each individual week, and then 
averaged for the whole test period. Figure 14.b describes the attributes in the resulting map for the 
indoor exposure to traffic noise. Each cell indicates the average attribute for the three metrics, 
accompanied by the standard deviation between multiple readings, and average proportion of 
hours. “No data” is used to indicate that there is no source of information in the cell, or there is no 
noise reading for the interval of a specific noise indicator. Figure 14 is only an illustration; the figures 
for the noise metrics are all hypothetical. 
Figure 14. Map outputs from 2Loud? project, outdoor and indoor exposure to traffic noise 
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3.3 2Loud? mobile application development 
The technology behind 2Loud? is made up of two parts: the mobile phone application as seen by the 
community, and the data processing services that are co-located in the Cloud via Microsoft Azure. 
Figure 15 shows an overview of the complete system that supports the operations in this project. 
 
 
Figure 15. An Overview of the 2Loud? System: from mobile application frontend to the data processing 
backend in the Microsoft Azure cloud. 
Components in the Cloud are hosted in remote server instances operated by Microsoft Azure. They 
provide the backend processing and data storage for the noise measurements, as well as the 
Website to collect community opinion and to disseminate information about the project. These 
Cloud-based components services the multiple smartphones running the 2Loud? application. The 
diagram also shows the key components inside the 2Loud? application and summarises how noise is 
measured by capturing the digital noise via the phone’s microphone and then processing the signal 
to determine the sound energy. The energy is then attenuated using a simulated A-weighted filter to 
produce the dB(A) reading. That reading is then transmitted together with the date, time, GPS 
location, and the application’s unique code to the server in the cloud. 
When data is captured, the Noise Analytics component running in the Cloud provides the services to 
summarise the data so that it can be downloaded by the research team for further analysis such as 
charting the results for correlation analysis and the error bound. These results are then visualised on 
Google Maps to inform participants about the noise situation around their area. The results are 
disseminated in two ways – via the ‘Status’ tab in the 2Loud? application and via the 2Loud.net.au 
Website. 
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2Loud? Frontend – Mobile Application 
The frontend of the system is the mobile application that participants in this project see. The 
application is developed using Xamarin Studio and C#, SenchaTouch 2.1, JSBridge and FFT by 
Lomont. It runs on iOS 5.0 and above on iPhone 4/4S/5 and iPad 2 and iPad Mini. 
The code for sound measurement is implemented in C# using MonoTouch for iOS integration. The 
sound processing to obtain the dB(A) filtering is achieved with the FFT library by Lomont and the 
user interface is developed using SenchaTouch for cross-device compatibility. The communication 
between the various layers within the application is bridged using JSBridge and the final application 
is produced by compiling everything within the Xamarin Studio’s environment. 
Accuracy 
The research team made a conscious effort to limit the application to a selected set of devices so as 
to allow the application to be calibrated against the professional sound meters used in the project. 
In doing so, the measurements collected will be (1) as close as possible to actual professional 
readings, and (2i) allows us to determine an error limit on the measurements obtained. 
Achieving (1) is important because the measurements must be reliable if the community readings 
are to make any sense for relevant bodies in using the data for decision making. Once the 
measurements are close to that of a professional sound meter, the next step is to quantify the “error 
bound”, i.e., achieving (2), so that all measurements are known to be within a confidence range. In 
other words, a measured noise reading is within +/- n-decibels of accuracy. Knowing the reading and 
“error bound” is important. In our case, the lower bound of a measurement allows us to confidently 
conclude whether the reading has breached the threshold for triggering sleep disturbance. 
Figure 16 present some instructions provided in the first use of the application to guide participants 
to ensure that noise measurements are recorded as accurate as possible. 
 
 Figure 16. Examples of instructions to participants on how to use 2Loud? for noise monitoring  
User Interface Design 
The user interface of the application has been designed to be easy to use. Two important design 
considerations are applied. First, the application uses an interaction framework that is familiar to all 
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application users, i.e., a tab-based and list-based interface found in native iOS applications (Figure 
17). This ensures that the application is immediately familiar to users who already own an iOS 
device. The second consideration is to keep the application as easy to use as possible. Simplicity is 
achieved in the following ways despite the complexity of rolling out a technical sound measurement 
exercise to a broad community: 
 When the application is started for the first time, it walks the user through the important 
things to note when taking a measurement. These notes are a simple slide show with short 
messages and a photo that conveys what needs to be done to set up a measurement. See 
Figure 16 for some samples of the screens. 
 When the user is ready to begin measuring their indoor environmental noise, they simply 
start the application which will open with the default “Record” tab. The user only needs to 
select “Start Sound Measure” and s/he will be taken to the measurement screen. On the 
screen, there is only a single big button that will start/stop the measurements. Tapping it 
starts the measurements; tapping it again stops the measurement. The user does not have 
to do anything else during measurement. 
 
 
Figure 17. 2Loud? user interface designed using the familiar tabbed interface commonly found on smartphone 
applications 
2Loud? Backend – Data Processing in the Cloud 
The system was designed to handle up to 800 concurrent users. With each potential user running 
their application and streaming data constantly (and concurrently) from 10pm to 7am each day, the 
research team turned to the cloud for a scalable solution. 
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Twenty-one instances of the same server were instantiated. The 21st being the main server 
responsible for two additional tasks: to serve up the 2Loud.net.au site and to handle devices trying 
to register for streaming. At the instant when a smartphone registers to stream data, the main 
server issues a unique server address for the application to contact. In this way, the 800 concurrent 
data streams are spread across the remaining twenty server instances – each server therefore 
handles up to 40 data streams. 
Each server provides a number of data processing services. These services (implemented using 
ASP.NET) are exposed as HTTP asynchronous calls that are also stateless. During measurements, the 
application takes ten readings per second and each data block streamed to one of the server 
instance is made up of a minute’s worth of noise readings, i.e., 600 readings including the date, time, 
GPS coordinates and the device reporting the measurements. 
Technically, the size of the data brings substantial challenges to analysis of the data. At 600 readings 
per minute, that is 480,000 readings collected across the servers every second if all 800 users were 
performing the measurements at the same time. On average, each reading uses 72.4 bytes of hard 
disk space. That translates to about 1.14GB of disk space per night of reading for 800 households. 
The Noise Analytics module shown in Figure 15 is thus responsible for summarizing the fine-grain 
data into a set of readings that is (1) easier to manipulate and (2) both cheaper and quicker to 
download for local data analysis. The first step was to ascertain the validity of the readings by 
reverse geo-coding the GPS coordinates and then performing co-location analysis to eliminate 
readings that are not within the locality of the registered address in which measurements will take 
place. Once that is done, the Noise Analytic module generates the per minute LAeq readings. 
Data Analysis 
The per minute LAeq readings are then downloaded to the research team’s local machines, where 
different analysis is performed and the results visualised. Once the data is cleaned, the long term 
equivalents are calculated. As seen in this report, this includes LAeq over 9hr, 15hr and 18hr. Hourly LAeqs are 
also calculated for charting and visualization purposes. These results are also validated against the 
readings produced by the BK sound meter – a professional sound meter that was used for reference 
testing. The phone measurements and the BK measurements are then compared using standard 
RMS error and correlation to confirm the accuracy of the 2Loud? application’s measurements. 
Application/Smartphone Limitations 
Sound meters are hardware that use analogue components to measure the loudness of the 
environmental sound. By using analogue components, there is no signal loss when the sound passes 
through the A-weighted filter and therefore, the readings obtained are highly accurate. In the case 
of the mobile application, the sound received through the microphone is digital and so the signal 
reconstruction is a representation of the environmental noise. This digital signal approximates the 
actual noise signal from the environment. To further obtain the dB(A) reading, the application has to 
simulate an analogue A-weight filter. This step injects a further loss of accuracy since only the key 
frequencies’ energy levels are taken into account. The readings produced are, at best, an 
approximate. 
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These approximate readings are also limited by the CPU cycles available to compute and stream the 
data to the Azure servers. If a data packet gets lost during transmission, the system does not 
attempt to recover them as it would be computationally expensive to do so. The final long term 
equivalents computed are therefore the readings with these limitations taken into consideration. 
Nevertheless, the code has been optimized to minimise the impact of the above. For example, the 
Azure servers are located geographically as close as possible to avoid multiple hops that our data 
packet has to go through. This minimises the chances of a data packet been dropped at one of the 
network nodes.  
Operating Requirements 
The frontend, which is the 2Loud? application is available from the Apple AppStore. Users with an 
iPhone 4/4S/5 or an iPad 2 or iPad Mini can download and install the application. Users will need an 
AppStore account to download the application. Downloading the application requires an Internet 
connection and charges may be applied by the user’s Internet Service Provider. The cost to 
download the application from the AppStore is, however, free. 
The Microsoft Azure cloud services are running on a month to month scheme. The servers will be 
decommissioned at the end of July when the project concludes. The server-side code for 2Loud? 
requires a Microsoft Azure “Website” instance to operate. The instance must be configured to use 
.NET version 3.5 and the mode can be set to Free, Shared or Reserved according to the number of 
users who will be uploading the data. Operating in “reserved” mode allows one to generate up to 6 
duplicate instances. 
After July, the application will only operate in ‘lite’ mode as services in the Cloud are 
decommissioned. The website will remain operational until 31 October. It is expected that a Deakin 
hosted site take over after that. 
3.4 Noise measurements and site investigation 
This section describes the procedures carried out by the Deakin research team for the scientific 
measurements of sound pressure levels (SPL) for the 2Loud? project during the pilot study and the 
reference sites. Three distinct phases were designed to provide reference data for the following 
purposes: 
 Preliminary calibration: Calibration of the 2Loud? mobile application; 
 Pilot study: Fine-tuning of the 2Loud? mobile application during the pilot study phase at five 
sites; 
 Reference sites: Final test of the 2Loud? mobile application through monitoring the outdoor 
and indoor noise levels at twenty reference sites. 
The pilot study and the reference site studies also included the site investigation, aimed at 
determining physical characteristics of the sites and dwellings affected by road traffic noise. 
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The calibration and pilot study phases consisted of numerous outdoor (SPLout) and indoor (SPLin) 
measurements conducted between January and April 2013.  The SPL measurements at the reference 
sites were conducted in May and June 2013. 
Preliminary calibration  
The objectives of this phase were to provide outdoor (SPLout) and indoor (SPLin) noise measurements 
(sound pressure levels, SPL) for the development of the 2Loud? mobile application.  The algorithms 
for conversion of absolute sound pressure to A-weighted SPLs (LA) were written and tested with the 
use of data recorded by the Bruel&Kjear (BK) 2250 Sound Pressure Level meter.  The indoor and 
outdoor measurements of the very short (5 minute) to hourly periods were conducted.  The analysis 
the SPLs at the frequencies in the 1/3 octave band were conducted and logarithms for displaying 
instantaneous LA, and also for calculating and displaying equivalent SPL (LAeq) for the measured time 
period were tested and fine-tuned. 
The sound pressure level measurements for SPLout and SPLin in this project were conducted with the 
use of two Type-1 scientific instruments: BK2250 and BK2250L.  Placement for the inside and outside 
SPL meters was determined according to the AS 2702-1984 (AS, 1984), AS1055.1: 1997 (AS, 1997) 
and Vicroads (2005).   
Targeted precision levels of +3dB of the outdoor (SPLout) and indoor (SPLin) levels measured by the 
2Loud? mobile application, within the loudness range between 30 and 100dB, was adopted. 
Bruel&Kjaer’s software, the BZ-5503 Measurement Partner Suit was used for data viewing, archiving, 
exporting and initial processing of logged SPL data.  Exported data was further analysed using 
MicrosoftExel (Bruel&Kjear, 2013). 
Pilot Study  
The pilot study phase was conducted at five sites within the boundary of the City of Boroondara in 
the close proximity to the Eastern and Monash Freeways.  The two Eastern Freeway and three 
Monash Freeway sites were investigated and the outdoor and indoor measurements conducted. 
Technical specifications for the indoor and outdoor readings are presented below. 
Outdoor SPL measurements 
In order to obtained accurate and systematic noise measurements in the pilot study and reference 
sites during the project, the following procedures were applied for the outdoor area. The preferred 
outside position for the instrument was in the plane of a façade and 1.2 m above ground (Figure 18).  
In case the instrument was to be placed in front of a façade, it was placed 1.0m from the façade and 
2.5 dB subtracted from the SPL measurements. 
Concurrent to the indoor measurements, the BK2250 was placed outside the dwelling together with 
one of the compatible mobile phones (predominantly iPhone4, iPad2) for measuring a range of 
hourly parameters including: LAeq, LA10, LA90, LAmax,.  The outdoor measurements were conducted 
for the one-hour intervals. 
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Figure 18. Outdoor noise measurement, scientific sound meter  
 
The LAeq, is an equivalent (logarithmic average) continuous noise level that is converted by a 
measuring instrument (BK2250 or a mobile phone with the 2Loud? application) from the absolute 
loudness to A-weighted loudness, which correlates better sound with the human ear response to 
lower and higher frequencies.  The LAeq(T) is a common descriptor of sound energy over a period of 
time, where time ranges from short (at least one hour) to long (a year). 
 The LA10 is the A-weighted noise level exceeded for 10% of the measurement period and the LA90 is 
the noise level exceeded for 90% of the measurement period.  The LAFmax is the A-weighted 
maximum noise level (noise event) of the measurement period (1 to 24hour). 
Site investigations of the property buffer zone and dwelling characteristics were also conducted. 
Indoor SPL measurements 
The preferred inside position of the sound meter instrument was in the center of an unoccupied 
room, 1.5m from window, 1.2m above the floor. The BK2250L was placed inside the dwelling 
together with a compatible mobile phone (Figure 19) for measuring the following hourly parameters: 
LAeq, LA10, LA90, LAmax.  Survey of the unoccupied room determined the ratio of hard to soft surfaces. 
Fine-tuning of the 2Loud? mobile application was conducted after each individual measurements of 
the outside and inside sound pressure levels. 
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Figure 19. Indoor noise measurement, scientific sound meter and 2Loud? 
Reference Sites 
This phase of the project included noise measurement and site investigations at twenty sites; eleven 
sites alongside the Eastern Freeway and nine sites along the Monash Freeway. The same 
methodology for site investigation, outdoor SPLs and indoor SPLs measurements as per the pilot 
study phase was used. The only difference in terms of measurements of noise by the scientific 
instruments and the mobile phones was the duration of the indoor continuous testing and logging, 
which was 24 hours. 
In the reference sites the SPL measurements by BK2250 and BK2250L were supplemented by 
concurrent measurements using participant’s compatible mobile phones with the 2Loud? 
application.  The outdoor measurements were for one hourly period and the indoor for a continuous 
24 hour period. 
Data obtained at this stage was used to determine night and day exposure to freeway traffic 
generated noise. The three main noise descriptors were calculated from the logged data. This allows 
comparison between data obtained from Vicroads, City of Boroondara and data generated in the 
2Loud? project. 
The major descriptor for the outdoor noise exposure is the overall A-weighted equivalent sound 
pressure level (LAeq), which is used for communication of the 18 hour day noise exposure (LAeq18hr (6-
24)) between 6am and midnight, the 15 hour day noise exposure (LAeq15hr (7-22)) between 7 am and 
10pm, and exposure to night A-weighted SPL between 10pm and 7am expressed as (Leq 9hr (22-7)).  
Other descriptors derived from the logged data include LAeq, LA10, LA90, LAmax.   
The noise measurements were contextualised with meteorological data and site characteristics. 
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The site investigation 
In the context of this research, the site is considered as a combination of three major elements: 
freeway buffer zone, property buffer zone and a dwelling. 
The freeway buffer zone, which spans the distance between freeway’s pavement and property 
fencing, was surveyed for any purpose-built noise attenuation devises, vegetation and topographical 
features.  The property buffer zone, which spans between dwelling’s external walls and the property 
fence, was surveyed for fencing type and materials, vegetation, and any man-made structures.  The 
dwelling’s investigation included characterization of potential contributors to indoor exposure to 
excessive freeway traffic noise. The potential contributors included the number of floors, external 
walling system and windows. 
Meteorological observations were recorded for the 24 hour period at each site. As per Vicroads 
stipulation, temperature, humidity, wind and rainfall were recorded using the Australian 
Government Bureau of Meteorology data (Vicroads 2005). 
3.5 Community participation 
Community participation is an essential component of this project. It aims to assess whether the use 
of mobile phones as devices to measure noise are appropriate to assist in monitoring issues related 
to exposure to traffic noise.  
The following actions were taken in order to inform the community about the project, and to seek 
for their engagement as voluntary participants: 
 Deakin team worked closely with the Council, following the directions provided by the 
Community and Engagement Department and the Environmental and Infrastructure 
Department of the Council, including discussions with all the councillors in meetings of the 
Freeway Noise Community Group. 
 The Council sent mail to all addresses within the study area of the project (approximately 
800 addresses) in early May, before the release of the 2Loud? mobile application. 
 Deakin team released the 2Loud? project website from late April, providing information on 
the project and instructions on how to engage in the participatory process (online 
registration) and how to use the 2Loud? application.  
 Deakin team included a survey to participants in the project website in order to get 
information about the motivations and expectations from participation, as well as current 
knowledge about traffic noise issues, and some characteristics of the households and 
dwellings. 
 Deakin team provided a service through email and phone to directly answer questions from 
residents related to the participation in the project, and download and use of the 2Loud? 
mobile application. The Council also assisted in answering questions to residents related to 
the project. 
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 The Council published an article in the on-line Boroondara Bulletin in May and June in order 
to inform the community about the project. 
 The Council created a link to Facebook and Twitter in the Bulletin articles in order to 
stimulate discussion about the project and issues related to traffic noise through social 
media. 
 The Council released a media release in early June to inform the general public on the 
project. 
 The Council distributed to all households in Boroondara an information piece in the Weekly 
Review (publication) in the first week of June. 
 Feedback of the contents of this report to the participants are recommended. 
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4 Results 
4.1 Outdoor exposure to traffic noise in the City of Boroondara 
In order to assess outdoor exposure to traffic noise in the study area, a number of sources of 
information are integrated: (1) VicRoads noise map from modeling – 18 hours/day indicator; not 
considering other sources of traffic noise, such as local traffic; (2) VicRoads measurements of noise 
in particular sites over a period of a week, 24 hours a day; (3) CoB commissioned measurement if 
particular sites over a period of a week, 24 hours a day. All this information is presented using the 
cells as spatial unit. 
VicRoads have provided a noise model map for conditions in the year 2011 in KLM format for the 
Monash and Eastern Freeways for the purpose of this research. The map is produced by a model 
which analyses known patterns of traffic volumes over time and the context conditions (topography, 
sound barriers, etc) to estimate the dispersion of noise within the vicinities of the freeways. The 
model take into account only the traffic from the freeway, and therefore, real exposure to traffic 
noise may potentially be higher due to other sources of noise in the area, such as traffic on local 
roads, trains and trams, construction sites, etc. VicRoads Noise Map indicates the LA10 for the period 
of 18 hours (6am to 12am). LA10 refers to noise levels that exceed 10% of a measurement period, 
usually six minutes in an hour, characterising the ‘average maximum’ noise levels (VicRoads, 2013). 
Figure 20 illustrates this map in part of Eastern Freeway, and the overlay of the cells of the study 
area. 
 
Figure 20. VicRoads Noise model map, LA10 (18 hours) 
Using the map above, we estimated the average outdoor noise for each cell, having the modeled 
LA10(18 hours) as the indicator. Figure 21 illustrates the results on a map. As shown in the graph in Figure 
22, all cells are within the threshold defined by Victorian traffic noise regulations and guidelines, 
which is 63dB(A) for new freeways, and 68dB(A) in case of increasing traffic noise on existing 
freeways. The World Health Organization guideline recommends that population should not be 
exposed to traffic noise levels above 55dB(A) during the day in the outdoor of their residences. If this 
criteria was used in the study area along Eastern Freeway, 87% of the cells, with around 1,200 
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residents, are potentially exposed to unhealthy levels of outdoor traffic noise in their residential 
locations (Figure 22). 
 
Figure 21. Outdoor noise along Eastern Freeway by Cell, according to VicRoads Noise Model Map 
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Figure 22. Number and % of cells along Eastern Freeway by level of exposure to traffic noise, LA10 (18hr) 
Figure 23 illustrates the same estimate for the Monash Freeway, based on VicRoads Noise model 
map.  
 
Figure 23. Outdoor noise along Monash Freeway by Cell, according to VicRoads Noise Model Map 
As shown in the graph in Figure 24, all cells along the Monash Freeway are within the threshold 
defined by Victorian traffic noise regulations and guidelines, however 78% of the cells, with more 
than 900 residents, are potentially exposed to unhealthy levels of outdoor traffic noise in their 
residential locations, according to the recommendations by WHO.  
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Figure 24. Number and % of cells along Monash Freeway by level of exposure to traffic noise, LA10 (18 hours) 
Appendix 3: Outdoor and Indoor exposure to traffic noise in the study area provides copies of 
all the noise maps produced in this study, including outdoor noise (as in Figures 21 and 23 in the 
present section), and also indoor noise, which is presented and assessed further in this report. 
The accuracy of the noise model and the method for averaging noise by cell has been assessed by 
using 14 field measurements developed by VicRoads in 2011. The noise level at each location, 
inspected by field work (having LAeq(18hr) as the indicator), has been compared to the same indicator 
for the average noise within a cell to which the location belongs. Figure 25 shows the noise level 
according to these two sources for each of the 14 locations (11 along Eastern Freeway, and 3 along 
Monash Freeway). There is some variability, but it is generally small. The model seems to slightly 
overestimate noise in the Eastern Freeway (average difference of +1.9dB(A)), and underestimate 
noise in Monash Freeway (average difference of -0.9dB(A)). However, the overall variation is below 
3db(A), which is not perceived as a difference in sound by the human ear. This is shown in Figure 26. 
Therefore, the noise levels from the model and averaged by cell are considered a good 
representation of the existing levels of outdoor exposure to traffic noise in the study area in the City 
of Boroondara. 
 
Figure 25. Comparing noise levels from VicRoads fieldwork and noise model mapping  
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Figure 26. Comparing noise levels from VicRoads fieldwork and noise model mapping  
 
The same analysis has been repeated with some noise measurements developed in the field 
commissioned by the City of Boroondara (CoB) in 2010 and 2012. It includes 13 locations, in which 
nine are along the Eastern Freeway and five along the Monash Freeway (Figure 27). The results are 
similar to those presented above. Some variability was observed, but in general the differences 
between the average model noise levels in a cell and the fieldwork noise measurements are small 
(Figure 27 and 28).  
 
Figure 27. Comparing noise levels from CoB fieldwork and noise model mapping 
36 
 
 
Figure 28. Comparing noise levels from CoB fieldwork and noise model mapping 
 
4.2 Validation of the 2Loud? noise measurements 
In order to validate the noise measurements performed by the 2Loud? mobile application, reference 
sites along the two freeways were used. According to the proposed methodology each reference site 
should have a 24 hour noise measurement developed simultaneously by two forms of equipment: a 
scientific sound meter (BK), and a mobile device running 2Loud?. The measurements were 
developed indoors, in a selected room facing the freeway. Details of the structure and configuration 
of the dwelling under surveillance were recorded, as well as the weather conditions on the day of 
the survey.  
Twenty reference sites were visited and surveyed during the project, however due to a number of 
issues, the final number of sites was limited to ten reference sites in validating 2Loud?. The issues 
were related to (1) climatic adverse conditions; (2) the mobile application stopped working due to 
lack of battery of interruption from calls; (3) the reference site did not have wireless internet 
available; (d) accidental interruption of the scientific sound meter recording. 
The Figures below (Figures 29 to 38) present, for each of the selected ten reference sites (six along 
Eastern Freeway and four along Monash Freeway), the comparison between the indoor noise 
measurement by the scientific sound meter (BK) and the 2Loud? application. The data that 
generated the graphs in Figures 29 to 38 can be found in Appendix 1: Reference Site Data for 2Loud? 
Validation.   
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Figure 29. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell E2 
 
 
 
Figure 30. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell E9 
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Figure 31. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell E26 
 
 
 
Figure 32. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell E33 
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Figure 33. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell E58 
 
 
 
Figure 34. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell E66 
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Figure 35. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell M11 
 
 
 
Figure 36. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell M12 
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Figure 37. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell M15 
 
 
 
Figure 38. Indoor noise level according to scientific meter and 2Loud? application, reference site in Cell M44 
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Following the comparison graphs, Table 1 summarises some statistics and the noise metrics 
comparing the results for the BK and the 2Loud? simultaneous monitoring in the ten reference sites. 
The statistics include the correlation coefficient (R) between the BK and 2Loud? noise 
measurements, based on hourly LAeq over a 24 hour period; and the average difference between BK 
and 2Loud? hourly LAeq over the 24 hour period. The noise metrics include: (1) LAeq (9hr) relative to the 
average noise during the night, from 10pm to 7am; (2) LAeq (15hr) relative to the average noise during 
the day, from 7am to 10pm; and (3) LAeq (18hr) relative to the average noise from 6am to 12am.  
In all ten of the reference sites, there was a high correlation between the measurements from the 
scientific sound meter and the 2Loud? application. There were also minimal differences between the 
two sources in average, indicating very good levels of confidence in the 2Loud? capacity to monitor 
indoors noise. The mean of the average differences between the two sources for the ten reference 
sites is -1.6dB(A). 
 
Table 1. Validation of 2Loud?. Comparison of noise metrics and basic statistics between the scientific sound 
meter (BK) and the 2Loud? application 
Ref. Site 
Hourly LAeq for 24 hours LAeq 9h LAeq 15h LAeq 18h 
R 
Average Diff 
BK-2Loud? 
BK 2Loud? BK 2Loud? BK 2Loud? 
E2 0.99 0.9 46.2 45.0 52.1 --- 51.8 --- 
E9 0.99 -2.5 37.2 39.6 46.2 47.0 45.6 46.4 
E26 0.98 -2.7 49.3 46.5 53.9 54.1 53.9 53.7 
E33 0.99 -1.6 34.6 36.4 53.5 44.6 52.7 44.0 
E58 0.86 1.5 37.6 36.4
a
 49.0 --- 48.2 --- 
E66 0.94 -2.6 30.4 33.6 45.4 45.2 44.6 44.5 
M11 0.96 -2.9 30.0 32.9 43.3 46.1 42.5 45.4 
M12 0.99 -1.0 36.2
b
 37.4 --- 43.5 --- 43.0 
M15 0.46 -4.6 34.7 36.6 42.0 --- 41.6 --- 
M44 0.99 0.9 48.2 47.4 51.3 50.0 51.3 50.1 
a Based on noise measurements from 11pm to 4 am (5 hour interval) 
b Based on noise measurements from 10 pm to 5 m (7 hour interval) 
 
4.3 Indoor exposure to traffic noise in the City of Boroondara by 2Loud? 
Since the validation process developed in the previous section has demonstrated that 2Loud? 
produces noise measurements indoors with high levels of accuracy, this project uses the noise 
measurements from the residents to estimate the level of exposure to traffic noise indoors in the 
study area.  
This section presents the indoor exposure to traffic noise indoors in the case study areas along 
Eastern and Monash Freeways based on the noise readings performed by the residents using 2Loud? 
and the reference sites from 14 of May 2013 to 31 June 2013 (seven weeks).  
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The analysis is developed by week and by cell. It means that noise measurements from addresses 
within a cell at a certain week were integrated, depending on the duration of the readings. Emphasis 
is given to the LAeq 9hr (22-7), because this is the interval related to sleep disturbance issues. Most of the 
noise readings by residents using 2Loud? were carried between 10pm and 7am. However, when data 
is available for other intervals during the day, LAeq 15hr (7-22) and LAeq 18hours (6am to 12am) are also 
calculated. These are available for a limited number of readings, since residents are in general not at 
home during the day, and they need to have their phone with them elsewhere.  
Moreover, the project team assessed the level of participation, in order to assess how continuous or 
fragmented the noise readings were obtained. For this, we used two metrics. The first is the total 
hours of noise reading during the week for each cell to which data is available. The second metrics is 
the % of hours with noise reading for the time interval being considered. For example, % of hours 
out of 9hours for the LAeq(9hr). The % of hours is used as a “weight” for the averaging process of 
multiple readings of indoor exposure to traffic noise in a parcel and in a cell. The same is 
implemented for the LAeq(15hr) and LAeq(18hr) when data is available.  
This is illustrated in Figure 39 below. Cell E66 in week 1 (14-19 May) had readings in 3 days by only 
one participant, with a total of 16.3 hours. Reading 1 (15 May 2013) had 0% hours within the interval 
between 10pm to 7am. Therefore, LAeq(9hr) cannot be estimated with this set of data. Reading 2 (16 
May 2013), however, covered 97% of the interval. Finally, reading 3 (19 May 2013) was less 
representative, covering only 10% of the interval. For this set of data, reading 2 and reading 3 are 
considered to estimate the LAeq(9hr) for the cell for week 1, proportionately to their contribution 
(reading 2: 90.7% and reading 3: 9.3%). Indoor noise readings with 2Loud? in Cell E66 during week 1 
(according to weighted average between reading 2 and 3) varied from a maximum of 51.8dB(A) at 10 
pm, to a minimum of 41.3dB(A) at 2 am, having the LAeq(9hr) of 47.8dB(A). 
 
 
Figure 39. Indoor noise readings with 2Loud? by residents in Cell E66 during Week 1 
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Another example is illustrated by Cell M15 (Figure 40). This cell in week 1 (14-19 May) had readings 
in 3 days from 2 participants, with a total of 30.9 hours. Reading 1 (16 May 2013) had 99% hours 
within the interval between 10pm to 7am. Reading 2 (17 May 2013), covered 94% of the interval. 
Finally, reading 3 (18 May 2013) covered 98% of the interval. For this set of data, all the 3 readings 
are considered to estimate the LAeq(9hr) for the cell for week 1. Indoor noise readings with 2Loud? in 
Cell M15 during week 1 (as a weighted average of the 3 readings) varied from a maximum of 
44.3dB(A) at 10pm, to a minimum of 32.5dB(A) at 2am, having the LAeq(9hr) of 40.0dB(A). 
 
 
Figure 40. Indoor noise readings with 2Loud? by residents in Cell M15 during Week 1 
 
 
Tables 2, 3 and 4 present the results of the procedures described above for the indoor noise 
measurements developed in the study area by the community 2Loud? noise monitoring and the data 
from the reference sites. These tables present the weighted average noise metrics for each cell with 
available data and for each week of the monitoring period. The tables also show the mean indoor 
noise measurement for the whole monitoring interval (seven weeks), the standard deviation of the 
indoor noise for multiple weeks, and the total hours of noise readings for each cell. Table 2 refers to 
the LAeq9hr(22-7), while Table 3 presents the LAeq15hr(7-22), and Table 4, the LAeq18hr(6-12).  
Appendix 2: Summary of indoor noise monitoring in the study area by week presents a detailed 
summary of all the indoor noise monitoring in the study area by week developed by residents 
participating in the project and data from the reference sites. Tables 2, 3 and 4 are produced based 
on data from Appendix 2. 
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Table 2. LAeq9hr(22-7) for indoor noise measurements by Cell in the study area 
Cell Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Mean St Dev 
Hours of 
reading 
E2     44.0         44.0   18.0 
E9 46.2 52.8 38.0         45.7 7.4 50.6 
E15 52.8             52.8   4.5 
E25 46.6             46.6   8.7 
E26 45.1 40.6 54.2       45.9 46.5 5.7 70.7 
E33   35.0           35.0   9.0 
E39   23.2           23.2   9.0 
E54   36.2           36.2   9.1 
E58   35.6 39.8         37.7 3.0 16.7 
E65   57.4   58.9       58.2 1.1 41.8 
E66 47.8 42.4 52.6 52.5 50.6     49.2 4.3 115.0 
M11   33.9 29.4         31.7 3.2 32.5 
M12       46.9       46.9   9.0 
M15 40.0 38.7 41.1         39.9 1.2 108.5 
M16   44.4 43.7 37.8 45.9 44.2   43.2 3.1 140.0 
M23   33.3 26.6 28.6 24.9     28.4 3.6 40.6 
M24   40.6 37.8 36.3 36.6     37.8 2.0 143.6 
M40       31.7       31.7   9.0 
M44   36.6 35.3 43.1       38.3 4.2 70.6 
M47     27.5         27.5   12.2 
 
 
Table 3. LAeq15hr(7-22) for indoor noise measurements by Cell in the study area 
Cell Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Mean St Dev 
Hours of 
reading 
E2 58.0 51.6 49.6 47.8   45.6 56.8 51.6 4.9 21.8 
E9 51.8 54.8 45.7 61.3       53.4 6.5 39.0 
E15 57.5             57.5   0.8 
E25 51.0             51.0   0.2 
E26 52.1 49.0 52.7       46.1 50.0 3.1 38.4 
E33   45.0 58.0         51.5 9.2 13.2 
E39   33.5           33.5   14.1 
E54   44.4           44.4   15.3 
E58   47.4 55.1         51.3 5.4 14.8 
E65   61.1   63.8 71.2   62.0 64.5 4.6 54.9 
E66 51.5 50.6 56.3 56.0 56.1 48.0 49.7 52.6 3.5 80.4 
M11   34.7 40.5         37.6 4.1 15.3 
M12       44.0       44.0   2.7 
M15 39.0 41.7 42.4         41.0 1.8 18.8 
M16   46.0 47.4 42.0 49.3 49.5   46.8 3.1 15.8 
M23   32.5 30.1 32.3 29.0     31.0 1.7 21.8 
M24   48.0 43.9 45.6 40.3     44.5 3.2 14.2 
M40       35.0       35.0   9.2 
M44   46.4 47.4 50.7       48.2 2.2 97.9 
M47     45.1         45.1   17.2 
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Table 4. LAeq18hr(6-12) for indoor noise measurements by Cell in the study area 
Cell Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Mean St Dev 
Hours of 
reading 
E2 58.0 50.4 48.3 47.8   45.6 56.7 51.1 5.1 27.0 
E2 51.3 55.7 44.4 61.3       53.2 7.1 46.6 
E15 55.7             55.7   11.9 
E25 49.3             49.3   3.6 
E26 47.4 52.4 54.7       48.0 50.6 3.5 60.3 
E33 53.9 45.3 58.0         51.7 9.0 17.1 
E39   32.3           32.3   17.3 
E54   43.6           43.6   4.0 
E58   45.1 49.8         47.5 3.3 19.6 
E65   61.0   63.2     62.1 62.1 1.1 68.6 
E66 51.1 49.5 56.2 56.0 55.5 48.0 49.7 52.3 3.5 119.0 
M11   34.8 38.2         36.5 2.4 23.6 
M12       41.3       41.3   4.7 
M15 39.6 42.5 44.5         42.2 2.4 41.9 
M16   45.8 45.6 41.0 47.1 46.1   45.1 2.4 65.0 
M23   33.2 29.8 32.0 28.5     30.9 2.1 29.9 
M24   47.6 42.3 42.1 38.3     42.6 3.8 55.6 
M40       34.3       34.3   11.0 
M44   46.5 46.9 49.6       47.7 1.7 105.3 
M47     44.4 40.3       42.4 2.9 36.9 
 
The recommended design sound levels for building interiors, according to the Australia/New Zealand 
Standard for Acoustics (AS/NZS 2107:2000), related to houses and apartments near major roads is 
presented in Table 5. These recommendations are used as reference in this section to assess the 
conditions of indoor exposure to traffic noise in the study area based on the participatory 
monitoring and reference sites. 
Table 5. Recommended design sound levels for different areas of occupancy in buildings, AS/NZS 2107:2000 
Type of occupancy/activity 
Recommended design sound level, Leq, dB(A) 
Satisfactory Maximum 
Houses and apartments near major roads:   
      Living areas 35 45 
      Sleeping areas 30 40 
      Work areas 35 45 
 
Twenty cells of the study area (17%), eleven along Eastern Freeway and nine along Monash Freeway, 
have the indoor noise characterized during the monitoring period by 1,365 hours of noise readings 
(75% by resident participants and 25% from reference sites).  
Figure 41 illustrates the level of indoor exposure to traffic noise overnight (from 10pm to 7 am) in 
the cells along Eastern Freeway on a map of the study area, using the mean LAeq(9hr) for each cell, and 
Figure 42 presents the same data for the cells along Monash Freeway.  
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Figure 41. Indoor noise along Eastern Freeway by Cell, Mean LAeq9hr(22-7) 
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Figure 42. Indoor noise along Monash Freeway by Cell, Mean LAeq9hr(22-7) 
 
Figure 43 summarises the situation characterised by Figures 41 and 42, indicating the number and 
proportion of monitored cells within ranges of indoor noise for the night period, from 10pm to 7am. 
According to AS/NZS 2107:2000, the sleeping areas of a dwelling near major roads should not be 
exposed to indoor noise levels above a maximum of 40dB(A), being 35dB(A) a satisfactory noise 
level. In the study area, 45% of the monitored cells are potentially exposed to unhealthy levels of 
indoor night noise. Comparatively, Eastern Freeway participants are exposed to indoor noise levels 
above this recommendation more than those from Monash Freeway. 
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Figure 43. Number and % of cells along Eastern and Monash Freeways by level of exposure to indoor noise, 
Mean LAeq9hr(22-7) 
 
The following analysis is related to the level of indoor exposure to traffic noise during the day (from 
7am to 10pm).  During these hours, the living and working areas of the dwellings are predominantly 
used. According to AS/NZS 2107:2000, the living and working areas of a dwelling near major roads 
should not be exposed to indoor noise levels above a maximum of 45dB(A), being 40dB(A) a 
satisfactory noise level.  
Figure 45 illustrates onto a map of the study area the level of indoor exposure to traffic noise during 
the day (from 7am to 10pm) in the cells along Eastern Freeway using the mean LAeq(15hr) for each cell, 
and Figure 46 presents the same data for the cells along Monash Freeway. Figure 44 below 
summarises the situation characterized by Figures 45 and 46, indicating the number and proportion 
of monitored cells within ranges of indoor day noise. In the study area, 60% of the monitored cells 
are potentially exposed to unhealthy levels of indoor noise during the day (above 45dB(A)). 
Comparatively, Eastern Freeway participants are more exposed to indoor day noise levels above the 
AS/NZS recommendation than those from Monash Freeway. 
 
Figure 44. Number and % of cells along Eastern and Monash Freeways by level of exposure to indoor noise, 
Mean LAeq(15hr) 
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Figure 45. Indoor noise along Eastern Freeway by Cell, Mean LAeq15hr(7-22) 
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Figure 46. Indoor noise along Monash Freeway by Cell, Mean LAeq15hr(7-22) 
 
Figure 47 illustrates, on a map of the study area, the level of indoor exposure to traffic noise for the 
18 hour period from 6am to midnight in the cells along Eastern Freeway using the mean LAeq(18hr) for 
each cell, and Figure 48 presents the same data for the cells along Monash Freeway.  
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Figure 47. Indoor noise along Eastern Freeway by Cell, Mean LAeq18hr(6-24) 
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Figure 48. Indoor noise along Monash Freeway by Cell, Mean LAeq18hr(6-24) 
Figure 49 summarises the situation as characterised by Figures 47 and 48, indicating the number and 
proportion of monitored cells within ranges of indoor noise for the 18 hour period. During these 
hours of the day and night, predominantly the living and working areas of the dwellings are used, 
but also the sleeping areas. In the study area, 55% of the monitored cells are potentially exposed to 
unhealthy levels of indoor noise during the day (above 45dB(A)). Comparatively, Eastern Freeway 
participants are more exposed to indoor day noise levels above the AS/NZS recommendation than 
those from Monash Freeway. 
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Figure 49. Number and % of cells along Eastern and Monash Freeways by level of exposure to indoor noise, 
Mean LAeq(18hr) 
Appendix 3: Outdoor and Indoor exposure to traffic noise in the study area provides copies of 
all the noise maps produced in this study, including outdoor noise presented in previous section of 
this report, and the indoor noise, according to different noise metrics (LAeq 9hr, 15hr and 18hr), as 
illustrated in Figures 42, 43, 45, 46, 48 and 49. 
 
 
4.4 Participatory traffic noise monitoring process 
The 2Loud? mobile application was released for download through AppleStore from 14 May 2013. 
More than 800 residents living in the study area of the project, adjacent to the Eastern and Monash 
Freeways, received a letter by mail from the City Council with an invitation to participate in the 
project and information on how to access the website for registration and download the mobile 
application. From that total, 99 residents have downloaded the 2Loud? application and installed it in 
their mobile phones or tablets. 72 residents operated the 2Loud? application in the lite mode, due to 
their residential location. 27 residents living in the study area of the project activated the application 
in the full mode, and provided noise readings for the project server. Figure 50 presents the 
progression of voluntary participation in the project for the participants providing data for the 
project. 
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Figure 50. Voluntary participation in the project, number of registered participants (2Loud? full mode) 
Figure 51 describes the number of active participants per week (participants monitoring noise at 
home using the 2Loud? application) and the hours of noise readings per active participant performed 
during each week of the period of the study.  
 
Figure 51. Active participants and hours of noise reading per active participant by week 
An online survey was conducted with the participants at the time of the online registration in the 
project website. The survey investigated some aspects related to motivations, expectations and level 
of engagement of the participants with the project, and also about issues related to noise in the 
study area. 
According to this survey, only 40% of the participants has taken into considered the proximity to 
freeway as a locational criteria when they decided where to live. 48% of the participants have not 
considered this factor, and 12% moved in the area before the freeway. Despite that, 68% of the 
participants currently feel that exposure to traffic noise has an adverse impact on their lifes in their 
residences, both indoors and outdoors. Moreover, 88% of the participants have the perception that 
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traffic noise in their residential areas has increased. The majority of the participants also believe that 
exposure to excessive traffic noise can have a strong adverse impact on health (68% of the 
participants), while 28% believes that impacts are moderate, and 4% consider them negligible.  
In terms of motivation to engage in the project, the voluntary participants demonstrated a strong 
sense of community. The two most cited motivations by the respondents included the believe that 
that is a problem in the neighbourhood related to traffic noise (80% of the participants), and the 
willingness to participate in any project which would improve the neighbourhood (76% of the 
participants). Personal motivations were ranked after the community. The third and fourth most 
cited motivations included individual issues with traffic noise (72%), concern with personal wellbeing 
(72%) and the willingness to learn more about how to modify the built environment in order to 
minimise impacts from traffic noise (56%). These and some other motivations are summarised in 
Table 6.  
Table 6. Motivations to participate in the 2Loud? project 
Rank 
% of 
participants 
Motivation 
1 80 I believe my neighbourhood has a problem with road traffic noise 
2 76 I would like to participate in any project related to improving my neighbourhood 
3 72 I believe I have a problem with road traffic noise in and around my house 
3 72 I would like to participate in any project related to improving my well-being. 
4 52 
I would like to learn more about how built environment could be modified to 
minimise impacts of road traffic noise. 
5 48 I would like to learn more about transportation and road traffic noise issues. 
6 32 I would like to interact with people from my community 
6 32 I am curious about the project 
7 24 I am interested in technologies (e.g., mobile phone applications) 
8 12 Other 
 
The participants during the early stages of the registraton in the project demonstrated willingness to 
strongly engage in the monitoring process (Table 7). More than 80% intended to provide information 
for the survey and noise readings with the 2Loud? application with regularity. 60% are willing to 
provide feedback, and around half of the participants would attend meetings related to the project 
and would assist in disseminating the project to neighbours. 
Table 7. Intended levels of engagementof participants in the 2Loud? project 
Rank 
% of 
participants 
Level of engagement 
1 88 I will provide information for surveys 
2 84 
I will regularly use the 2Loud? mobile application, collecting and providing noise 
measurements for the project 
3 60 
I will provide feedback on my experience in participating in the project and the use 
of the 2Loud? mobile application 
4 52 I will attend to meetings related to the project, subject to my availability 
5 48 I will disseminate information about the project to my neighbours 
6 8 Other 
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The main expectations from the participants engaged in the project is that the Local Government 
would pressure the Federal/State Government for appropriate actions, if the research findings 
indicate that there is excessive road traffic noise in the study area (88% of the participants), and that 
the government will invest more in reducing traffic noise (88% of the participants). The participants 
also indicated expectations related to increasing their general knowledge about road traffic noise 
(52% of the participants) and also more specific knowledge on how to increase attenuation of road 
traffic noise in their homes (48%). This is summarised in Table 8. 
It is interesting to notice the expectations of acquiring more knowledge along the research project. 
One part of the survey tested general knowlesge on traffic noise regulations, and it showed that 
communication about information, regulations and policies on traffic noise are not easily accessible 
to general public. In the question related to the noise threshold used in Victoria before noise 
attenuation is required (63dB(A) for new freeways and 68dB(A) for existing freeways with increased 
traffic volume), 56% of the participants reported that they do not know the answer, 28% provided 
the right answer, and 16% provided a wrong answer. A similar question was raised relating to the 
threshold for noise overnight according to the WHO regulation. In this case, 80% of the respondents 
did not know the answer, 4% provided the right answer and 16% provided a wrong answer. The 
expectation of learning about traffic noise issues, and the willingness to engage in participatory 
monitoring processes can potentially be an effective way to promote environmental education. 
 
Table 8. Expectations from participation in the 2Loud? project 
Rank 
% of 
participants 
Expectation 
1 88 
I expect, that in case the research team concludes there is an excessive road traffic 
noise level in my neighbourhood, the Local Government  will  pressure Federal/State 
Government  for appropriate actions 
1 88 I want the government to invest more in reducing traffic noise 
2 52 I expect to increase my knowledge about transportation and road traffic noise 
3 48 I expect to learn how to increase attenuation of road traffic noise in my house 
4 36 I want to strengthen my community 
5 24 Other 
 
The expectations of the role of the state in solving problems related to traffic noise are stronger than 
expectations related to residents actions that could minimise such problems, however still 
significant. Almost half of the participants (48%) mentioned expectations related to learning how to 
attenuate traffic noise in their houses. One reason for this may be the perception that actions that 
can be taken by residents, such as sound insulation of houses, double glazing of windows, fencing, 
are limited in their capacity of noise attenuation, in comparison to actions that are taken by the 
government, such as instalation of sound barriers, or controls on traffic (less trucks on streets, for 
example). Table 9 summarises the participants’ assessment of the level of impact on traffic 
atenuation from different strategies. The four more effective ways to minimise noise, according to 
the participants, are more and better sound barriers, less trucks on the freeways, limited time for 
trucks on freeways, and planning schemes with buffer from freeways. An assessment of comparative 
effectiveness of the strategies mentioned in Table 8 need more investigation. 
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Table 9. Assessment of impact on traffic noise attnuation from different strategies by participants in the 
2Loud? project 
Rank Ways of reducing exposure to road traffic noise 
% of participants  Score  
(1-10) Low  
impact 
Medium 
impact 
High 
impact 
1 More or better sound barriers on freeways 4 24 72 8.1 
2 Less trucks on the street 8 24 68 7.7 
3 Limited time for trucks on the streets 20 20 60 6.8 
4 
Urban planning zones which consider a buffer from 
freeways 
20 24 56 6.5 
5 Better glazing systems on windows 12 44 44 6.1 
6 Less cars on the streets 24 28 48 5.9 
7 Protective fence on noise exposed facade 24 32 44 5.6 
8 
Residential construction design with proper 
orientation to protect dwellings from noise 
20 40 40 5.5 
9 Cars with quieter engines and breaks 16 48 36 5.4 
9 Better insulation on houses (walls, ceilings, etc) 16 48 36 5.4 
9 Special pavements which cause less noise 36 24 40 4.9 
 
The low credit given to the impact of individual actions in attenuating traffic noise are also felt in 
questions related to transport. All the participants in the study area have one or more cars (76% of 
the households have 2 cars). 65% of the participants said they use their private car as the dominant 
mode of transportation, and 35% use other forms of transport which are more sustainable and may 
have an effect on reducing traffic noise, such as walking (8%), cycling (18%) and public transport 
(9%). When asked about the willingness and possibility of changing their predominant mode of 
transport from private car to more sustainable forms of transportation that would result in less 
traffic noise, for themselves and others, the following results were obtained:  
 32% of the participants would change from private car to cycling or walking (78% would not 
for reasons related to distance, time, family commitments, age, fitness, disability, etc); 
 44% of the participants would engage in some system of car pooling (56% would not for 
reasons related to lack of common time, common destination, issues about dependency on 
others, etc.); 
 76% of the participants would change from private car to public transport (24% would not 
for  reasons related to distance, time, lack of direct connections by public transport, family 
commitments, etc); 
 28% of the participants would make a substantial investment in upgrading their cars to a 
more silent technology. 
Although the majority of the participants, in general (exception for change to public transport), are 
not willing to or do not have the possibility to change their transportation habits, the proportion of 
changes expressed in the survey could have a potential impact in reducing the number of cars in the 
street.  
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4.5 Difference between indoor-outdoor exposure to traffic noise  
Property buffer zone 
The indoor SPL depends on a number of factors contributed to the following: freeway traffic noise 
levels at source, the freeway buffer zone characteristics, property buffer zone characteristics 
(distance, fencing, vegetation, etc) and dwelling characteristics (walling system, openings, etc). 
Characteristics of the freeway buffer zone including presence and acoustic performance of noise 
attenuation devices such as noise barriers are out of the scope of the current research, but can be 
dealt with in a next phase of the project.  This report outlines briefly factors related to property 
buffer zone and external walling of houses in the reference testing sites. 
In terms of property buffer zone three main features were investigated: width, fencing and 
vegetation, which could act as mitigation instrument for reduction of excessive freeway traffic noise. 
Property buffer zone width (distance between property fence and external wall facing freeway 
traffic noise) in the reference sites ranges from 1.8m-55m. In increasing order of width, out of 
twenty reference sites, one site has the width of 1.8m, seven sites have the width of 3.6-5.8m, eight 
sites have the width of 8-14.5m; and four sites have of 19.5-55m.  
The combined width of the property and freeway buffer zones is one of the major contributors to 
noise level at affected residents; however, in a well established built urban environment it is difficult 
to control.  Therefore features such as noise barriers, fencing and vegetation can provide effective 
controls of the road traffic noise.  
The vegetation within the property buffer zone is in control of residents and can provide a visual and 
acoustic barrier. The vegetation in this project was classified as either none (1 reference site), very 
light (2 reference sites), light (5 reference sites), light-medium (2 reference sites), medium (5 
reference sites) and relatively dense (5 reference sites).  
Another feature of the property buffer zone, which can be controlled by residents, is fencing.  In this 
project a typology, materials and height are considered as basic properties of the fencing.  Figure 52 
shows fencing types in the twenty reference sites. It has to be noted that as per property buffer zone 
width, vegetation, the fencing statistics is representative of the whole area investigated in the 
vicinity of the Eastern and the Monash Freeways. 
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Figure 52. Fencing types in the reference testing sites 
 
The data shows that 45% of fencing in the reference sites provides no noise mitigation as they are 
acoustically permeable.  Similarly vegetation in 50% of the reference sites was classified as light or 
non-existent, which does not provide any protection from excessive road traffic noise.  
Outdoor Noise (SPL) 
It has to be emphasized that the data obtained from Vicroads and Boroondara City Council is 
predominantly used in analysis of the outdoor noise in the surveyed study area.  The outdoor SPLs 
recorded during the pilot and the twenty reference site studies are used for comparison and 
validation purposes. The 2Loud? measurements were taken by comparable scientific instruments, as 
well as calibrated and positioned as stipulated by Australian standards and Vicroads procedural 
requirements.  
The field data was also compared with standards and guidelines used in the state of Victoria and 
Australia. The standard guidelines used in this analysis are based on the AS1055.3-1997 with the 
SPLs for “noise area category R4” applicable to areas with dense transportation.  The descriptor used 
in the guidelines is LA90(T), and is related to different time intervals within the Monday to Saturday 
and Sunday and/or Public Holidays periods. Table 10 presents an example of the outdoor noise 
comparison between measured and recommended noise levels for Cell E66. The 2Loud? 
measurements taken between 7pm and 8pm at the ground level (1.5m high); the Vicroads and CoB 
testing that took place in 2011 and 2012, respectively. Data presented in this table relates to one 
specific location, which is considered to be representative of the 20 reference sites.  The dwelling is a 
double-storey, brick-veneer house, one of the eleven in the surveyed area with typical fencing 
(timber paling) and typical vegetation (light).  The meteorological conditions reported in the three 
measurement periods are comparable and considered to have no adverse impact on the recorded 
SPLs. Only two cells (E9 and M44) had multiple sources of noise measurements like Cell E66 
presented in Table 10, such as from Deakin, VicRoads and/or CoB, in recent date (2011 onwards). 
 
20% 
35% 
5% 
5% 
10% 
10% 
15% 
None [20%]
Timber paling (1.8-2.1m) [35%]
Timber paling double (2.2m) [5%]
Timber sleepers (3.5m)
Brick (1.7-2.2m) [10%]
Metal spaced tube (1.5-1.9m pool-like
fence) [10%]
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Table 10.  Comparison of outdoor noise (LA90(T)) at representative reference site (Cell E66). 
 Monday - Saturday Sunday and Holidays 
Source of data 7am-6 pm 6pm-10pm 10pm-7am 9am-6 pm 6pm-10pm 10pm-9am 
1997; AS1055.3 recommendation 55.0 50.0 45.0 55.0 50.0 45.0 
2013 2Loud? LA90(1hour)  61.2     
2012 CoB LA90(1hour)  60.6   59.0  
2012 CoB data                                     
6-day or 1-day average LA90(total 
period) 
60.1 60.7 53.9 57.0 58.2 57.1 
2012 CoB data                                  
6-day or 1-day range LA90(total period) 
55.8-64.8 57.5-65.4 46.8-61.3 56.4-57.8 57.6-59.0 54.2-59.9 
2011 Vicroads data                                     
6-day or 1-day average LA90(total 
period) 
55.5 49.3 52.6 57.8 53.5 42.6 
2011 Vicroads data                                     
6-day or 1-day range LA90(total period) 
50 - 60 42 - 55 32 - 63 55 - 59 50 - 56 42 - 57 
Difference AS1055.3-1997 and 
2012/2013  
5.1 10.7 8.9 2.0 8.2 12.1 
 
The data shown in Table 10 confirms a high correlation (R: 0.97) between hourly outdoor noise 
levels recorded by the 2Loud? project team and the CoB measurements. 
The data clearly shows that the recommended levels are significantly exceeded during the Monday – 
Saturday and Sunday periods, especially at evening and night periods.  The LA90(total period) difference 
ranges on average between 8.2 and 12.1dB(A). 
It has to be mentioned that the 2011 Vicroads data indicates relatively small difference between 
recommended and actual noise levels.  However, the data could also indicate that noise levels at this 
particular location have increased in the last two years (2011 – 2013).   
Also, the data indicate that the Vicroads current threshold of the equivalent noise level of 
63/68dB(A) would not be exceeded. 
Dwellings  
The testing of an indoor noise levels was conducted at twenty dwellings.  They ranged from one level 
to three level buildings of various structural characteristics. The dwellings are deemed to be 
representative of the housing stock in the area in the proximity to the two freeways. Single-storey 
buildings accounted for 40% and the two or three-storey buildings for 60%. 
Rooms for indoor noise level measurements were selected by the participants of the 2Loud? project 
in consultation with the research team.  Mostly, the indoor measurements were taken in rooms at 
the highest level with exception of one two-storey building where measurements were taken at the 
ground level.  It is assumed that at higher levels where there is no visual obstruction the acoustic 
waves takes a ‘direct path’ or are less likely to be reflected, diverted or absorbed. Data obtained 
from Vicroads and the City of Boroondara shows that at the two specific locations in the reference 
sites study area, the SPL at higher elevations (3.5m or 4.3m) could be increased on average at 
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evening period (6 pm to 10 pm) by LA90(4hr), 2% to 6.9% and at the night period (10pm to 7am) by 
Leq9hr(22-7) of 4,5% to 7.6%.  
An example being a representative reference site in the Eastern freeway for the Monday-Saturday 
period with average increase of LA90(4hr), from 60.2dB to 64.4dB; and a representative example in the 
Monash freeway with the increase from 54.2dB to 55.2dB. 
The night period Leq9hr(22-7) increased due to a higher elevation in the Eastern freeway representative 
site from 60.1dB to 64.7dB and in the Monash freeway site from 53.9 dB to 56.3 dB was observed.   
The height of the dwellings, total area of walls and windows exposed to excessive road traffic noise, 
as well as the properties of walls and windows play a significant role in noise attenuation and indoor 
SPLs.   
The average area of the walls facing the freeway traffic noise in the twenty reference sites is 72.8m2, 
which includes openings such as doors and windows.  The façade total area ranges from around 
32m2 to 150m2 with 4.5 windows on average per dwelling.  The average percentage of area of 
openings to the total area of the facade is 31.9m2.   
The structural systems of the dwellings were categorized into three basic types: brick-veneer, 
double-brick and weather-board. Further, distinction was made between insulated and no-insulated 
walling systems.  In the three cases where there was insulation in the exterior walling in the twenty 
reference sites, the insulation was classified as the R1.5 thermal one. Figure 53 presents the external 
walling system of the surveyed housing stock. 
 
 
Figure 53. External walling of the housing stock in the reference sites 
The data indicates that the majority (85%) of structures had no insulation and the brick-veneer and 
double-brick are dominant structural systems in the surveyed housing stock.  This type of walling has 
relatively low sound resistance properties.  Currently, the NCC (Table 3.8.6.2) recommends a 
weighted sound reduction index adjusted to the impact of lower frequencies (Rw+Ctr) of 50dB for 
both brick-veneer and double-brick construction (ABCC, 2011). However, the housing stock in the 
50% 
5% 
5% 
10% 
30% 
0% 
Brick Veneer (NO insulation)
[50%]
Brick Veneer (R1.5 insulation)
[5%]
WeatherBoard (NO insulation)
[5%]
WeatherBoard (R1.5) [10%]
Double Brick (NO insulation)
[30%]
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surveyed area has been constructed on average in the 1990’s, which could indicate that the (Rw+Ctr) 
of 50 has not been the actual property of their walling system. 
For example, to achieve the (Rw+Ctr) of 50dB the brick-veneer wall would need to consist of the 
following layers: 
1. Single leaf of 110mm clay brick; 
2. A row of 70mm x 35mm timber stud or 64mm steel studs at 600mm centres spaced 20mm 
from the masonry wall; 
3. 50mm thick mineral insulation or glass wool insulation with a density of 11kg/m3 positioned 
between studs; and 
4. Two layers of 13mm plasterboard, one fixed to the outside face of masonry and one fixed to 
the outside face of studs (ABCC, 2011). 
Based on the observations and information provided by the 2Loud? project participants only one 
dwelling could achieve such noise reduction.  As such, for the purpose of the comparing outside and 
inside noise levels the WHO average attenuation value of 21dB(A) was adopted (WHO, 2009). 
However, the ratio of openings and acoustic properties of glazing type in the windows have the 
dominant and significant influence on acoustic insulation properties of external walls and the 
indoors SPLs.  Figure 54 presents glazing type in the 95 windows of the twenty dwellings surveyed.  
Three types of glazing were identified: single pane 4mm float (annealed); single pane 6/6.8mm 
laminated, and double-glazed.  The size of the windows varied between 0.8 x 1.0m and 4.2 x 2.7m 
with the dominant glazing type of 4mm thick single pane. 
 
Figure 54. Glazing of the housing stock in the reference sites 
The data presented in Figure 54 clearly shows that 87% of glazing type in the surveyed housing stock 
is the single-pane 4mm glass mounted in frames that are likely to be not sealed or well insulated.  
This type of glazing has very low Rw value of approximately 15dB, which provide insufficient acoustic 
insulation.   
Only 13% of glazing, presumably mounted in adequately sealed frames, is has significant acoustic 
insulation properties. The Rw value in this type of glazing ranges from 33dB to 43dB, which 
7% 
6% 
87% 
double glazed
single laminated 6mm
single annealed 4mm
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outperforms at least twofold acoustic performance of single glazing. 
The scope of the current stage of 2Loud? project did not include determination of the actual Rw+Ctr 
of the dwelling stock in the reference sites, or a proposal for improving their acoustic resistance.  In 
such case the research team adopted the average noise attenuation value of 21dB(A) as per WHO 
(2009) guidelines. 
Indoor Noise (SPLs) 
The indoor SPLs depend not only on the external walling but also on the structure of internal walls 
and sound reverberation in the rooms.  The site investigation included also inventory of furniture 
and floor cover in the rooms where the scientific instrument and mobile phone were placed.  This 
information allowed calculation of a ratio of soft to hard surfaces in the rooms. On average 23% of 
surfaces in the testing rooms were considered as the soft area. 
This part of the report presents analyses of LAeq, of a one hour measurement period where the 
2Loud? team measured simultaneously the outdoor and indoor noise. An average attenuation is 
calculated for the three type of the external walling namely brick-veneer, double-brick and weather-
board and typical (Rw+Ctr) proposed.  Further, the inside noise data is used to calculate indicative 
outside noise levels.  
The overall average indoor equivalent noise level LAeq(1hr), in the twenty reference dwellings was 40.8 
dB.  The average long term equivalent for the 20 dwellings (LAeq18hr(6-24)) was 40 dB and (LAeq15hr(7-22)) 
was 40 dB .  An average night period indoor equivalent noise level (Leq9hr(22-7)) was was 40dB.  At this 
stage the SPLs are not factored by neither property buffer zone characteristics and the external 
walling systems.   
Impact of the outdoor noise, property buffer zone and external walling characteristics on the 
indoor noise 
The outdoor SPLs (weekly, daily and hourly) measured by Vicroads and City of Boroondara correlate 
well with data derived from the 2Loud? project.  As a result, it is justified to use the LAeq(1hr),  in the 
analysis of the relationship between the outdoor noise, property buffer zone, external walling and 
indoor noise levels.  
The overall average outdoor equivalent noise level LAeq(1hr), in the twenty reference dwellings was 
57.1dB.  There is no distinction made between working and holiday periods.  The outdoor LAeq(1hr), 
ranged from 48.7dB (Wednesday) to 63.0dB (Saturday) and 65.4dB (Monday). 
The width of the property buffer zone, vegetation and fencing can significantly reduce the outdoor 
noise; however, they are not factored in this analysis, as the outdoor SPLs were measured at the 
dwelling façade. 
However, the acoustic properties of the external walls and windows were taken into account in the 
analysis of the relationship between outdoor and indoor noise.  Figure 55 presents the actual 
attenuation of noise by the combined walls and windows (frame and glazing) in the reference sites 
with brick-veneer walls.  
Taking into consideration current noise attenuation standards stipulated by the NCC (2011) and 
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WHO’s (2009) very conservative attenuation value of 21dB(A), the actual noise attenuation of the 
housing stock with external brick-veneer walls with predominantly single pane 4mm annealed 
glazing is very low; averaging 19.1 dB(A).  
 
 
Figure 55. Noise attenuation of brick-veneer walls in the reference sites 
The second most dominant external walling system in the reference sites housing stock is the 
double-brick system.  Figure 56 presents the actual attenuation of noise by the combined walls and 
windows (frame and glazing) in the reference sites with double-brick walls.  
 
 
Figure 56. Noise attenuation of double-brick walls in the reference sites 
 
The actual noise attenuation of double-brick wall combined with single pane 4mm annealed glazing 
is very low, averaging 13.8dB(A).  Similarly the noise attenuation calculated in the three weather-
board dwellings was also low averaging 14.1 dB(A). 
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5 Discussion 
This section is divided into five topics, covering different aspects investigated in the research: 
outdoor exposure to noise, indoor exposure to noise, difference between indoor and outdoor 
exposure to noise, the 2Loud? as an environmental monitoring technology, and  the public 
participation in environmental monitoring with 2Loud?. For each topic, the main findings from the 
data analysis are summarised. 
Outdoor exposure to traffic noise 
This project integrated multiple sources of traffic noise metrics in order to investigate the level of 
outdoor exposure of residents in the study area, including VicRoads noise map model, VicRoads 
fieldwork noise measurements in dwellings along the freeways, CoB commissioned fieldwork 
measurements in dwellings along the freeways, and fieldwork measurements performed by Deakin 
in reference sites in the same area.  
The VicRoads noise map model was used as the main source, since it is the only dataset that covers 
the whole study area. However, since it is an estimate, the other data, which involves real fieldwork 
measurements in selected parts of the study area, was used to evaluate the model. Some inaccuracy 
is expected from the comparison between data from different years (2010 to 2013), different 
metrics (LAeq18hr and L1018hr, for example), and different spatial resolution (aggregation of data from 
addresses to cells, in order to protect privacy of residents). Despite these, good correlations were 
observed in the integrated data. There is some variability between the noise map model and 
fieldwork measurements, but it is in general small. The model seems to slightly overestimate noise in 
Eastern Freeway and underestimate noise in Monash Freeway, with an overall variation below 
3dB(A), which is not perceived as a difference in sound by the human ear.  
According to the results presented in session 4.1, all cells in the study area are within the threshold 
defined by the Victorian traffic noise regulations and guidelines, which is 63dB(A) for new freeways , 
and 68dB(A) in case of increased traffic volume on existing freeways.  
The World Health Organization guideline recommends that population should not be exposed to 
traffic noise levels above 55dB(A) during the day outdoor of their residences. The European Noise 
Directive uses this recommendation for their current regulation for noise management in countries 
members of the European Union. This guideline is also aligned with the 1997 Australian Standard for 
description and measurement of environmental noise (AS1055.1:1997). The AS1055.1:1997 
recommends that outdoor noise in residential areas with dense transportation, such as the study 
area in the City of Boroondara, should not exceed: (1) on Mondays to Saturdays, 55dB(A) from 7am 
to 6pm, 50dB(A) from 6pm to10 pm, and 45dB(A) from 10pm to 7am; and (2) on Sundays and 
holidays, 55dB(A) from 9am to 6pm, 50 dB(A) from 6pm to 10pm, and 45dB(A) from 10pm to 9am. 
If this criteria was used in the study area in the City of Boroondara (day threshold of < 55dB(A)), 87% 
of the cells along Eastern Freeway (approximately 1,200 residents) and 78% of the cells along 
Monash Freeway (more than 900 residents), would potentially be exposed to unhealthy levels of 
outdoor traffic noise in their residential locations. 
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The integration of multiple sources was adopted in this project as a way to overcome limitation in 
data availability, in terms of quantity, geographic coverage, and update status. At the present stage, 
this project was focused on 2Loud? to be used for  monitoring indoor exposure to traffic noise. It 
would be important to investigate how 2Loud? technology could be improved in order to produce 
accurate readings of noise outdoors. This would potentially increase the quantity of noise 
measurements in the region, and also the frequency for updating community noise maps.  This is a 
valuable path for future research. 
Indoor exposure to traffic noise 
The indoor exposure to traffic noise has been investigated based on the participatory process of 
noise monitoring by residents in the study area participating in the project, and data from the 
reference sites. More than 1,000 hours of noise readings from voluntary participants over seven 
weeks and additional almost 400 hours of noise readings in references sites over three weeks 
provided a robust amount of data to characterize indoor exposure to traffic noise in twenty cells 
along the two freeways in the study area. The monitored cells account for 17% of the cells in the 
study area. The accuracy of these readings is discussed in the fourth topic of this section (2Loud? as 
an environmental monitoring technology). 
Medical evidences suggest that sleep disturbance starts for the majority of individuals from 42dB(A) 
(WHO, 2010). Based on this, WHO recommends that residents should not be exposed to noise level 
above 40dB(A) during the night. This is in accordance to the recommended design sound levels for 
building interiors, according to the Australia/New Zealand Standard for Acoustics (AS/NZS 
2107:2000). For the AS/NZS 2107:2000, sleeping areas in dwellings near major roads should not be 
exposed to indoor noise levels above a maximum of 40dB(A), and living and working areas should 
not be exposed to indoor noise levels above a maximum of 45dB(A).  
In the study area in the City of Boroondara, 45% of the monitored cells are potentially exposed to 
unhealthy levels of indoor noise during the night (from 10pm to 7am); and 60% of the monitored 
cells are potentially exposed to unhealthy levels of indoor noise during the day (from 7am to 10pm). 
Comparatively, Eastern Freeway participants are more exposed to indoor noise levels during the day 
and night above the AS/NZS recommendation than those from Monash Freeway. 
Most of the scientific studies on the relationship between exposure to excessive traffic noise and 
public health were conducted in Europe and USA. There is a lack of studies on this topic in Australia. 
The existing data on exposure to traffic noise in the study areas in the City of Boroondara produced 
in this project can be complemented with an investigation on related health issues in the region. 
Future research could enlarge data with increased participation linked to collection and analysis of 
health related information. 
Difference between indoor-outdoor exposures to traffic noise 
Exposure to traffic noise, both indoors and outdoors, depends on a number of factors that can be 
related to freeways characteristics, traffic volume, vehicles technology, geographic characteristics of 
the area, climate conditions, morphology of the built urban area, and structural characteristics of the 
dwellings. This study investigated the impact of some of these factors, including property buffer 
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zones (distance, fencing, vegetation) and dwelling characteristics (walling system and window 
glazing). In this section the main findings related to difference between indoor-outdoor exposures to 
traffic noise in the study area in relation to the investigated factors are summarized. 
The results of levels of exposure to traffic noise, indoors and outdoors, in the twenty reference sites 
are aligned with the results presented in section 4.1 (outdoor noise based on VicRoads noise map 
model and other sources) and section 4.3 (indoor noise based mainly in community noise monitoring 
with 2Loud?). In general the outdoor noise levels exceed the WHO recommended thresholds, 
however, they are within limits stipulated by Victorian noise recommendations and regulations. The 
outdoor noise in the vicinity to Eastern Freeway is generally higher than in the Monash Freeway 
area. The outdoor noise exceeds the recommendation by the AS1055.3-1997, which is LA90(4hr) levels 
of 50dB(A); It reaches 54.8dB(A) on the seven-day average in the Monash Freeway and 64.4dB(A) in 
the Eastern Freeway. The overall average indoor equivalent noise in the twenty reference dwellings 
was 40.8dB, just slightly above the threshold recommended by WHO.   
The first analysis was related to the property buffer zone in the reference sites. 45% of fencing in the 
reference sites investigated by this research does not provide any protection from excessive road 
traffic noise. Moreover, Vegetation in half of the reference sites was classified as light or non-
existent, which does not provide any protection from excessive road traffic noise either. Therefore, 
property buffer zone could be better used in the study area with the intent to attenuate excessive 
freeway traffic noise by improving fencing and vegetation. This could have a positive impact in both 
indoor and outdoor exposure to traffic noise.  
The second analysis was focused on some characteristics of the dwellings used as reference sites. 
The dominant walling system in the housing stock in the study area is brick-veneer, accounting for 
55% of the stock, which provides on average low noise attenuation of 19.1dB (A). The second most 
common walling system, accounting for 30% of the total housing stock, is double-brick, which 
provides on average noise attenuation of only 13.8dB(A). Windows account on average for 31.9% of 
the total area of walls facing freeways in the reference sites. 87% of these windows are glazed with 
single pane 4mm float glass, which has very low noise attenuation properties. Therefore, the 
acoustic resistance of the dwelling stock in the study area could be improved by glazing and 
insulation with the intent to attenuate the indoor exposure to traffic noise. 
Another factor found in the study area is related to the dwelling design in relation to the topography 
of the area and the location of the freeway. 60% of the dwellings in the reference sites are two or 
three-storey buildings. Outdoor noise at the second or the third floors are higher by approximately 
2% to 8% in comparison to the outdoor noise at the ground floor. 
These are preliminary results for a limited amount of dwellings and noise measurements. A wider (in 
terms of geographic coverage) and more extensive (in terms of frequency of noise measurements) 
investigation in the study area is necessary in order to determine the relationship between the built 
environment and levels of exposure to traffic noise.  
A research on the effectiveness of different strategies to attenuate outdoor and indoor exposure to 
traffic noise, such as noise barriers, re-vegetation, dwelling design and structure, traffic 
management, urban zoning, is essential in order to assist the community towards a healthier urban 
environment.  
70 
 
The 2Loud? as an environmental monitoring technology 
In this section, the capacity of 2Loud? as a technology for noise monitoring is assessed in terms of its 
accuracy and reliability. These two criteria are dependent on technical characteristics of the mobile 
phones running the 2Loud? application, and also on how residents make use of the technology.  
As a smartphone application, 2Loud? is subjected to more user, environmental and technical 
parameters than a professional sound meter. As a result, the best accuracy that one can achieve is to 
produce an error bound to the readings. The field test of the application from participants has 
revealed the promising potential of the application with only one set of readings deviating highly 
from the professional sound meter. Without the ability to monitor the actual situation but with the 
other measurements into mind, we suspect that the application might have not been setup in the 
environmental conditions required. Variation to the environmental conditions such as not placing 
the phone on a stable flat table or not facing the microphone in the same direction as the sound 
meter, etc., can cause a loss of accuracy.  
In addition to environmental and user factors, technical factors such as the smartphone running a 
multi-tasking operating system also affects the ability to obtain accurate measurements. A phone 
call, alarm, or some other interruption can have an impact on the phone’s ability to process the 
incoming sound signals. These considerations should be kept in mind but with best practices such as 
knowing how to setup the phone properly, the project team are confident that 2Loud? is a strong 
candidate for participatory sensing of environmental noise. 
Twenty reference sites have been visited and surveyed during the project. The preliminary plan was 
to use all the twenty reference sites for the process of validating the 2Loud? application. However a 
number of issues, limited the use of reference sites to validate 2Loud? to 10 out of 20. The issues 
were related to (1) climatic adverse conditions; (2) the mobile application stopped working due to 
lack of battery of interruption from calls; (3) the reference site did not have wireless internet 
available; (d) accidental interruption of the scientific sound meter recording.  
Therefore, ten reference sites have been used to validate the 2Loud? application, by comparing the 
simultaneous noise measurements performed by a scientific sound meter (BK) and the 2Loud? 
application running in a mobile phone. In nine reference sites, there has been a high correlation 
between the measurements from the scientific sound meter and the 2Loud? application (from 0.86 
to 0.99). There also has been a low difference between the two sources of noise measurements in 
average, indicating very good levels of confidence in the 2Loud? capacity to monitor indoors noise. 
The mean of the average differences between the two sources for the ten reference sites is -
1.6dB(A). 
The public participation in environmental monitoring with 2Loud? 
99 residents have downloaded the 2Loud? application and installed it in their mobile phones or 
tablets. 72 residents operated the 2Loud? application in the lite mode, because of their residential 
location. 27 residents living in the study area of the project activated the application in the full 
mode, and provided noise readings for the project server.  
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Public participation was lower than expected. 27 out of potentially 800 hundred dwellings registered 
and actively monitored their environmental noise as part of the project. Another 72 residents have 
uploaded the application, but did not provide data to the server due to residential locationbeing 
outside the study area. 
Many reasons can be attributed to the low engagement: for example, residents (1) did not have the 
required device for the application; (2) did not have wireless internet available in their homes; (3) 
did not have available time to participate in the project; (4) were travelling during the study period; 
(5) were not willing to provide information for the survey; (6) are not familiar with technologies such 
as mobile applications; (7) were not concerned with noise issues in the area; etc. Understanding the 
reasons for not participating is important in order to address changes in the project procedures in 
the future with the intent to enlarge the level of participation and the representativeness of the 
monitoring process. An investigation on this is suggested for further research. It would be interesting 
to investigate levels of engagement obtained in other similar experiences with participatory 
environmental monitoring processes. 
The participants of the project, despite being a small number, had a good geographic distribution in 
the study area. They were also very active in their participation, which produced more than 1,000 
hours of noise readings during seven weeks. This data produced good estimates of the levels of 
indoor exposure to traffic noise in different parts of the study area, along Monash and Eastern 
Freeways. The community participatory process of noise monitoring in the City of Boroondara was 
successful for the first test of the 2Loud? technology, and it resulted in a robust and extensive 
quantity of information for the period of study. 
The participants of the project reported in the registration survey they were concerned with noise 
issues in the area and that they were willing to engage in the monitoring process with motivations 
related to improving community and personal wellbeing. Some participants even demonstrated 
willingness to change transportation habits, such as engaging in walking, cycling, use of public 
transport or carpooling systems, in order to reduce traffic noise for themselves and others. The 
participants also reported their expectations from the project, including that appropriate actions 
would be taken by the government to attenuate traffic noise, and also that they would increase their 
knowledge on about traffic noise issues and how to increase attenuation of road traffic noise in their 
house. Further research with the participants is also suggested here, in order to assess their 
experience with the 2Loud? technology and their evaluation of the results achieved.  
This research was focused on traffic noise from major freeways. Therefore, the study area was 
delimited as the first row of dwellings along the two freeways within the boundaries of the City of 
Boroondara. Future research can work with a larger area of study, including a wider buffer along 
freeways in order to better understand the traffic noise gradient and its causing factors.  
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6 Conclusions 
The 2Loud? project has entered an incipient field of research, but lessons learned from recent 
precedents and related literature assessing participatory sensing initiatives have helped us to 
develop a research framework including strategies to overcome some well documented challenges, 
such as accuracy, privacy and contextual issues.  
The literature demonstrates that benefits from the process of participatory environmental sensing 
are substantial for individuals, communities and the environment. There are a number of community 
based monitoring groups worldwide actively engaging in a diversity of environmental issues. 
Although activities are normally well documented in the internet and social media, there is poor 
assessment of these experiences and processes in the scientific literature. This can be one of the 
reasons for the limited acceptance of community collected data by authorities for planning and 
management purposes. It seems that although technology is moving fast and our current 
smartphones have the capacity of performing complex and good quality data collection, there is still 
need for research on how to channel this data to those responsible for managing environmental 
issues.  
The 2Loud? project departs from the understanding that traffic noise pollution is a very complex 
issue, and that a healthier environment would come from the integration of multiple actions from 
multiple stakeholders. Citizens, communities, transport agencies, local and state government, 
scientists are all part of the solution for the problem.  
The 2Loud? project differs from its precedents, which were IT driven, by having the urban 
environment as the driving force. The core of the 2Loud? project is “people, institutions, and the 
built environment”. The technological application developed is instrumental to the goal of achieving 
a healthy urban environment. This is an important point of difference. As mentioned in the 
introduction chapter of this report, most of the precedent researches on noise monitoring through 
mobile phones were abandoned before they could make a real impact to people’s environment and 
quality of life.  
The 2Loud? application had its first test in a real community experiment in order to assess the 
participatory process, together with the correctness of the technology. The assessment of this 
current stage sets the basis for further research. The next steps are suggested to follow three 
interrelated streams:  
(1) Community-centred approach: how can the community monitoring process be improved by 
more participation, better participant’s experience and more effective use of the data?  
(2) Health-centred approach: How is the correlation between long-term exposure to excessive 
traffic noise and health in a community? and  
(3) Technology-centred approach: How can the accuracy, performance and usability of 2Loud? 
be improved?  
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Appendix 1 
Reference Site Data for 2Loud? validation 
 
This appendix presents ten tables with data related to noise readings by the scientific sound meter 
(BK) and the 2Loud? application in each of the ten reference sites in the study area used for the 
2Loud? validation, respectively.  
 
Table 1. Noise readings by BK and 2Loud? in the reference site in Cell E2 
Table 2. Noise readings by BK and 2Loud? in the reference site in Cell E9 
Table 3. Noise readings by BK and 2Loud? in the reference site in Cell E26 
Table 4. Noise readings by BK and 2Loud? in the reference site in Cell E33 
Table 5. Noise readings by BK and 2Loud? in the reference site in Cell E58 
Table 6. Noise readings by BK and 2Loud? in the reference site in Cell E66 
Table 7. Noise readings by BK and 2Loud? in the reference site in Cell M11 
Table 8. Noise readings by BK and 2Loud? in the reference site in Cell M12 
Table 9. Noise readings by BK and 2Loud? in the reference site in Cell M15 
Table 10. Noise readings by BK and 2Loud? in the reference site in Cell M44 
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Appendix 1. Reference Site Data  
 
Table 1. Noise readings by BK and 2Loud? in the reference site in Cell E2 
 
  LAeq Indoor      LAeq Outdoors Out-In 
Start Time Elapsed Time 2Loud? BK Diff BK-2Loud? 
 
BK BK 
8 am  1:00:00   48.9 
    9 am  1:00:00   46.4 
    10 am  1:00:00   49.4 
    11 am  1:00:00   48.2 
    12 pm 1:00:00   50.2 
    1 pm  1:00:00   50.9 
    2 pm 1:00:00   50.7 
    3 pm  1:00:00   52.5 
    4 pm  1:00:00   55.9 
    5 pm  0:48:55   50.9 
    6 pm  0:00:00     
    7 pm 0:33:57   59.5 
  
58.7 -0.8 
8 pm 1:00:00   52.6 
    9 pm 1:00:00 44.0 45.7 1.8 
   10 pm 1:00:00 43.3 45.1 1.7 
   11 pm 1:00:00 44.4 45.7 1.3 
   12 am 1:00:00 40.2 41.1 0.9 
   1 am  1:00:00 36.7 37.1 0.4 
   2 am 1:00:00 37.4 37.9 0.4 
   3 am  1:00:00 37.2 37.6 0.3 
   4 am  1:00:00 39.8 40.3 0.6 
   5 am  1:00:00 45.2 45.9 0.7 
   6 am  1:00:00 49.3 50.0 0.7 
   7 am  1:00:00 50.2 51.8 1.7 
 
    
10pm-7am LAeq 9 hours 45.0 46.2 1.2 
   7am-10pm LAeq 15 hours   52.1 
    6am-12am LAeq 18 hours   51.8   
 
    
 
Average Diff BK-2Loud? 
 
0.9 
     Correlation     0.99 
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Appendix 1. Reference Site Data  
 
Table 2. Noise readings by BK and 2Loud? in the reference site in Cell E9 
 
  LAeq Indoor      LAeq Outdoors Out-In 
Start Time Elapsed Time 2Loud? BK 
Diff BK-
2Loud? 
 
BK BK 
8 am  1:00:00 43.4 40.7 -2.7 
   
9 am  1:00:00 43.1 40.7 -2.4 
   
10 am  1:00:00 41.9 39.7 -2.3 
   
11 am  1:00:00 43.0 41.1 -2.0 
   
12 pm 1:00:00 43.1 40.8 -2.3 
   
1 pm  1:00:00 43.6 40.8 -2.7 
   
2 pm 1:00:00 48.0 45.4 -2.6 
   
3 pm  1:00:00 46.6 44.0 -2.6 
   
4 pm  1:00:00 55.0 56.2 1.2 
   
5 pm  1:00:00 46.7 44.3 -2.5 
   
6 pm  0:50:23 46.8 43.7 -3.1 
   
7 pm 0:00:00 47.9   
  
59.7   
8 pm 0:40:47 43.2 40.8 -2.5 
   
9 pm 1:00:00 42.1 39.1 -3.0 
   
10 pm 1:00:00 41.0 38.1 -2.9 
   
11 pm 1:00:00 38.6 35.4 -3.2 
   
12 am 1:00:00 38.0 34.4 -3.5 
   
1 am  1:00:00 36.4 32.8 -3.6 
   
2 am 1:00:00 36.8 33.3 -3.5 
   
3 am  1:00:00 34.9 31.7 -3.2 
   
4 am  1:00:00 38.3 35.1 -3.2 
   
5 am  1:00:00 41.9 39.5 -2.4 
   
6 am  1:00:00 42.0 40.1 -1.9 
   
7 am  1:00:00 42.8 41.0 -1.7 
 
    
10pm-7am LAeq 9 hours 39.6 37.2 -2.4 
   
7am-10pm LAeq 15 hours 47.0 46.2 -0.8 
   
6am-12am LAeq 18 hours 46.4 45.6 -0.8 
 
    
 
Average Diff BK-2Loud? 
 
-2.5 
     Correlation     0.99 
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Appendix 1. Reference Site Data  
 
Table 3. Noise readings by BK and 2Loud? in the reference site in Cell E26 
  LAeq Indoors    LAeq Outdoors Diff Out-In 
Start Time Elapsed Time 2Loud? BK Diff BK-2Loud? 
 
BK BK 
8 am  1:00:00 55.7 54.1 -1.6 
   
9 am  1:00:00 55.4 58.7 3.3 
   
10 am  1:00:00 46.0 41.1 -5.0 
   
11 am  1:00:00 45.8 43.6 -2.1 
   
12 pm 1:00:00 50.1 48.3 -1.8 
   
1 pm  1:00:00 56.3 56.0 -0.3 
   
2 pm 1:00:00 49.0 45.6 -3.4 
   
3 pm  1:00:00 55.3 57.6 2.3 
   
4 pm  1:00:00 55.4 52.2 -3.2 
   
5 pm  1:00:00 58.7 57.6 -1.0 
   
6 pm  0:41:15 59.0 58.7 -0.3 
   
7 pm 0:20:39 49.5 47.4 -2.1 
 
58.35 10.91 
8 pm 1:00:00 47.2 43.5 -3.8 
   
9 pm 1:00:00 46.7 41.3 -5.4 
   
10 pm 1:00:00 48.0 43.3 -4.7 
   
11 pm 1:00:00 45.3 40.0 -5.3 
   
12 am 1:00:00 40.0 34.8 -5.3 
   
1 am  1:00:00 38.8 33.5 -5.4 
   
2 am 1:00:00 38.1 32.9 -5.2 
   
3 am  1:00:00 37.5 32.1 -5.4 
   
4 am  1:00:00 38.9 33.9 -5.0 
   
5 am  1:00:00 42.0 36.9 -5.1 
   
6 am  1:00:00 46.9 41.7 -5.2 
   
7 am  1:00:00 54.2 58.6 4.4 
 
    
10pm-7am LAeq 9 hours 46.5 49.3 2.8 
   
7am-10pm LAeq 15 hours 54.1 53.9 -0.2 
   
6am-12am LAeq 18 hours 53.7 53.9 0.2 
 
    
 
Average Diff BK-2Loud? 
 
-2.7 
     Correlation BK-2Loud?   0.98 
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Appendix 1. Reference Site Data  
 
Table 4. Noise readings by BK and 2Loud? in the reference site in Cell E33 
 
  LAeq Indoor      LAeq Outdoors Out-In 
Start Time Elapsed Time 2Loud? BK Diff BK-2Loud? 
 
BK BK 
8 am  1:00:00 38.5 36.7 -1.9 
   9 am  1:00:00 49.2 49.6 0.4 
   10 am  1:00:00 50.4 49.4 -1.0 
   11 am  1:00:00 42.6 42.0 -0.6 
   12 pm 1:00:00 47.2 48.1 0.9 
   1 pm  1:00:00 39.7 39.4 -0.3 
   2 pm 1:00:00 44.7 44.0 -0.7 
   3 pm  1:00:00 41.6 39.8 -1.8 
   4 pm  1:00:00 39.0 39.1 0.0 
   5 pm  1:00:00 41.1 40.2 -0.9 
   6 pm  0:36:26 47.8 48.4 0.6 
   7 pm 0:00:00     
    8 pm 0:05:34   64.6 
  
51.12 -13.5 
9 pm 1:00:00 42.2 42.6 0.4 
   10 pm 1:00:00 39.6 39.4 -0.1 
   11 pm 1:00:00 33.9 30.1 -3.7 
   12 am 1:00:00 37.5 37.2 -0.4 
   1 am  1:00:00 32.4 26.9 -5.5 
   2 am 1:00:00 32.2 26.6 -5.6 
   3 am  1:00:00 32.1 25.6 -6.5 
   4 am  1:00:00 33.1 28.9 -4.2 
   5 am  1:00:00 35.1 32.3 -2.9 
   6 am  1:00:00 40.7 39.7 -0.9 
   7 am  1:00:00 39.6 38.2 -1.4 
 
    
10pm-7am LAeq 9 hours 36.4 34.6 -1.8 
   7am-10pm LAeq 15 hours 44.6 53.5 8.9 
   6am-12am LAeq 18 hours 44.0 52.7 8.7       
 
Average Diff BK-2Loud? 
 
-1.6 
     Correlation     0.99 
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Table 5. Noise readings by BK and 2Loud? in the reference site in Cell E58 
 
  LAeq Indoor      LAeq Outdoors Out-In 
Start Time Elapsed Time 2Loud? BK Diff BK-2Loud? 
 
BK BK 
8 am  1:00:00 45.4 44.7 -0.7 
   
9 am  1:00:00 37.9 40.6 2.7 
   
10 am  1:00:00 43.2 49.4 6.2 
   
11 am  1:00:00 39.1 46.6 7.4 
   
12 pm 1:00:00   46.4 
    
1 pm  1:00:00   36.6 
    
2 pm 1:00:00   37.0 
    
3 pm  1:00:00   38.8 
    
4 pm  1:00:00   39.1 
    
5 pm  1:00:00   37.9 
    
6 pm  0:45:19   42.5 
    
7 pm 0:09:45   59.6 
  
53.7 -5.9 
8 pm 1:00:00   38.1 
    
9 pm 1:00:00   37.9 
    
10 pm 1:00:00   37.6 
    
11 pm 1:00:00 39.9 38.7 -1.2 
   
12 am 1:00:00 36.6 37.4 0.8 
   
1 am  1:00:00 33.9 32.9 -0.9 
   
2 am 1:00:00 33.4 32.3 -1.0 
   
3 am  1:00:00 34.6 35.3 0.8 
   
4 am  1:00:00   31.6 
    
5 am  1:00:00   35.0 
    
6 am  1:00:00   34.3 
    
7 am  1:00:00   44.0   
 
    
10pm-7am LAeq 9 hours 46.5 49.3 2.8 
   
7am-10pm LAeq 15 hours 54.1 53.9 -0.2 
   
6am-12am LAeq 18 hours 53.7 53.9 0.2 
 
    
 
Average Diff BK-2Loud? 
 
1.5 
     Correlation     0.86 
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Table 6. Noise readings by BK and 2Loud? in the reference site in Cell E66 
    LAeq Indoor      LAeq Outdoors Out-In 
Start Time Elapsed Time 2Loud? BK Diff BK-2Loud? 
 
BK BK 
8 am  1:00:00 35.9 34.4 -1.5 
   9 am  1:00:00 35.8 34.0 -1.8 
   10 am  1:00:00 35.6 33.7 -2.0 
   11 am  1:00:00 35.8 34.7 -1.1 
   12 pm 1:00:00 47.5 41.4 -6.2 
   1 pm  1:00:00 35.1 33.8 -1.3 
   2 pm 1:00:00 35.3 34.2 -1.1 
   3 pm  1:00:00 36.4 35.8 -0.7 
   4 pm  1:00:00 36.9 36.1 -0.8 
   5 pm  1:00:00 36.7 35.9 -0.8 
   6 pm  1:00:00 36.5 35.6 -1.0 
   7 pm 0:04:02 55.9 56.7 0.7 
 
65.41 8.7 
8 pm 1:00:00 36.7 34.9 -1.8 
   9 pm 1:00:00 36.8 35.1 -1.7 
   10 pm 1:00:00 36.3 34.9 -1.4 
   11 pm 1:00:00 33.7 30.4 -3.3 
   12 am 1:00:00 32.4 26.9 -5.5 
   1 am  1:00:00 32.2 25.8 -6.3 
   2 am 1:00:00 32.0 25.4 -6.6 
   3 am  1:00:00 32.0 24.8 -7.2 
   4 am  1:00:00 32.4 27.2 -5.2 
   5 am  1:00:00 33.6 30.2 -3.4 
   6 am  1:00:00 35.4 34.0 -1.4 
   7 am  1:00:00 35.6 34.1 -1.5 
 
    
10pm-7am LAeq 9 hours 33.6 30.4 -3.2 
   7am-10pm LAeq 15 hours 45.2 45.2 0.0 
   6am-12am LAeq 18 hours 44.5 44.6 0.1 
 
    
 
Average Diff BK-2Loud? 
 
-2.6 
     Correlation     0.94 
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Table 7. Noise readings by BK and 2Loud? in the reference site in Cell M11 
 
  LAeq Indoor      LAeq Outdoors Out-In 
Start Time Elapsed Time 2Loud? BK Diff BK-2Loud? 
 
BK BK 
8 am  1:00:00 34.5 32.8 -1.6 
   9 am  1:00:00 34.7 33.6 -1.1 
   10 am  1:00:00 35.7 34.5 -1.2 
   11 am  1:00:00 34.3 32.5 -1.9 
   12 pm 1:00:00 34.2 32.2 -2.0 
   1 pm  1:00:00 55.9 49.2 -6.7 
   2 pm 1:00:00 34.3 32.7 -1.6 
   3 pm  1:00:00 33.6 30.9 -2.7 
   4 pm  1:00:00 52.9 47.2 -5.8 
   5 pm  1:00:00 35.9 34.3 -1.5 
   6 pm  0:22:42   52.1 52.1 
   7 pm 0:48:50 34.9 33.7 -1.2 
 
39.9 6.2 
8 pm 1:00:00 32.9 30.0 -2.9 
   9 pm 1:00:00 33.0 30.0 -3.0 
   10 pm 1:00:00 32.5 29.4 -3.1 
   11 pm 1:00:00 32.4 28.2 -4.2 
   12 am 1:00:00 32.4 28.3 -4.1 
   1 am  1:00:00 32.2 27.7 -4.6 
   2 am 1:00:00 31.8 26.4 -5.5 
   3 am  1:00:00 31.9 27.0 -4.9 
   4 am  1:00:00 32.4 28.5 -3.8 
   5 am  1:00:00 33.3 30.9 -2.4 
   6 am  1:00:00 34.7 33.3 -1.4 
   7 am  1:00:00 34.5 33.0 -1.6 
 
    
10pm-7am LAeq 9 hours 33.0 30 -3.0 
   7am-10pm LAeq 15 hours 46.1 43.3 -2.8 
   6am-12am LAeq 18 hours 45.4 42.5 -2.9 
 
    
 
Average Diff BK-2Loud? 
 
-2.9 
     Correlation     0.96 
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Table 8. Noise readings by BK and 2Loud? in the reference site in Cell M12 
  
LAeq Indoor      LAeq Outdoors Out-In 
Start Time Elapsed Time 2Loud? BK Diff BK-2Loud? 
 
BK BK 
8 am  0:00:00 42.2   
    9 am  0:00:00 48.4   
    10 am  0:00:00 44.7   
    11 am  0:00:00 44.0   
    12 pm 0:00:00 45.0   
    1 pm  0:00:00 44.1   
    2 pm 0:00:00 44.7   
    3 pm  0:00:00 42.3   
    4 pm  0:00:00 39.0   
    5 pm  0:00:00 40.9   
    6 pm  0:00:00     
    7 pm 0:42:11 46.3 51.5 5.2 
 
58.3 6.8 
8 pm 1:00:00 43.8 46.7 2.9 
   9 pm 1:00:00 36.8 35.8 -1.0 
   10 pm 1:00:00 35.8 33.9 -1.9 
   11 pm 1:00:00 34.3 31.6 -2.7 
   12 am 1:00:00 33.7 30.5 -3.2 
   1 am  1:00:00 34.2 31.0 -3.2 
   2 am 1:00:00 33.8 30.2 -3.6 
   3 am  1:00:00 34.1 30.9 -3.2 
   4 am  1:00:00 40.5 40.3 -0.2 
   5 am  0:43:45 40.1 40.9 0.8 
   6 am  0:00:00 37.6   
    7 am   0:00:00 39.8     
 
    
10pm-7am LAeq 9 hours 37.4   
    7am-10pm LAeq 15 hours 43.5 36.2 -7.3 
   6am-12am LAeq 18 hours 43.0     
 
    
 
Average Diff BK-2Loud? 
 
-1.0 
     Correlation     0.99 
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Table 9. Noise readings by BK and 2Loud? in the reference site in Cell M15 
  
LAeq Indoor      LAeq Outdoors Out-In 
Start Time Elapsed Time 2Loud? BK Diff BK-2Loud? 
 
BK BK 
8 am  1:00:00   37.2 
    9 am  1:00:00   42.1 
    10 am  1:00:00   42.0 
    11 am  1:00:00   41.5 
    12 pm 1:00:00   40.8 
    1 pm  1:00:00   45.7 
    2 pm 1:00:00   34.7 
    3 pm  1:00:00   42.5 
    4 pm  1:00:00   43.8 
    5 pm  0:27:49   48.0 
    6 pm  
 
    
    7 pm 0:26:02   29.0  
 
48.7 19.7 
8 pm 1:00:00   37.7  
   9 pm 1:00:00   36.3  
   10 pm 1:00:00 38.8 42.6 3.7 
   11 pm 1:00:00 35.2 42.3 7.1 
   12 am 1:00:00 34.2 26.6 -7.6 
   1 am  1:00:00 33.7 25.5 -8.2 
   2 am 1:00:00 33.9 28.3 -5.6 
   3 am  1:00:00 34.1 27.8 -6.3 
   4 am  1:00:00 36.6 27.7 -8.9 
   5 am  1:00:00 38.8 31.0 -7.8 
   6 am  1:00:00 42.0 34.1 -7.9 
   7 am  1:00:00   34.9   
 
    
10pm-7am LAeq 9 hours 36.6 34.7 1.2 
   7am-10pm LAeq 15 hours  42.0 3.7 
   6am-12am LAeq 18 hours  41.6 7.1 
 
    
 
Average Diff BK-2Loud? 
 
-4.6 
     Correlation     0.46 
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Table 10. Noise readings by BK and 2Loud? in the reference site in Cell M44 
 
  LAeq Indoor      LAeq Outdoors Out-In 
Start Time Elapsed Time 2Loud? BK Diff BK-2Loud? 
 
BK BK 
8 am  1:00:00 51.2 52.2 1.0 
   9 am  1:00:00 52.4 53.4 1.0 
   10 am  1:00:00 52.1 53.0 0.9 
   11 am  1:00:00 52.5 53.5 0.9 
   12 pm 1:00:00 52.2 53.3 1.0 
   1 pm  1:00:00 51.9 52.9 1.0 
   2 pm 1:00:00 51.1 52.2 1.1 
   3 pm  1:00:00 50.2 51.3 1.2 
   4 pm  1:00:00 49.7 51.0 1.3 
   5 pm  1:00:00 49.4 51.7 2.3 
   6 pm  0:00:00     
    7 pm 0:04:16   48.1 
  
58.4 10.3 
8 pm 1:00:00 47.5 48.7 1.2 
   9 pm 1:00:00 45.0 46.1 1.2 
   10 pm 1:00:00 45.8 46.8 1.0 
   11 pm 1:00:00 43.7 44.5 0.8 
   12 am 1:00:00 41.9 42.6 0.7 
   1 am  1:00:00 41.1 41.6 0.5 
   2 am 1:00:00 42.5 43.1 0.6 
   3 am  1:00:00 42.7 43.3 0.6 
   4 am  1:00:00 45.4 46.0 0.6 
   5 am  1:00:00 48.5 49.3 0.7 
   6 am  1:00:00 51.6 52.4 0.9 
   7 am  1:00:00 52.1 52.9 0.8 
 
    
10pm-7am LAeq 9 hours 47.4 48.2 0.8 
   7am-10pm LAeq 15 hours 50.0 51.3 1.3 
   6am-12am LAeq 18 hours 50.1 51.3 1.2 
 
    
 
Average Diff BK-2Loud? 
 
0.9 
     Correlation     0.99 
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Appendix 2 
Summary of indoor noise monitoring in the study area by week 
 
This appendix presents seven tables with data related to indoor noise readings by the community 
using 2Loud? application and indoor noise readings in reference sites during the seven weeks of the 
study, respectively.  
 
Table 1. Week 1, 14 to 19 May 2013         
Table 2. Week 2, 20 to 26 May 2013     
Table 3. Week 3, 27 May to 2 June 2013     
Table 4. Week 4, 3 to 9 June 2013     
Table 5. Week 5, 10 to 16 June 2013     
Table 6. Week 6, 17 to 23 June 2013 
Table 7. Week 7, 24 to 30 June 2013 
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Table 1. Week 1, 14 to 19 May 2013         
Partic Cell 
Readings 
(days) 
Total 
hours 
LAeq 
9h 
% 9 h Avg9h 
LAeq 
15h 
% 15 h 
Avg 
15h 
LAeq 
18h 
% 18 
h 
Avg 
18h 
7CB49 E2 1 0.5 --- 0.00 --- 58.0 0.03 58.0 58.0 0.03 58.0 
9EFD1 E9 3 16.3 
42.8 
48.4 
0.67 
1.00 
46.2 
54.3 
53.0 
51.2 
0.01 
0.01 
0.06 
51.8 
52.0 
50.9 
51.2 
0.07 
0.12 
0.10 
51.3 
88D5F E15 3 13.7 
58.4 
51.4 
0.10 
0.40 
52.8 
50.2 
56.7 
60.8 
0.03 
0.42 
0.16 
57.5 
50.2 
56.7 
60.2 
0.03 
0.44 
0.19 
55.7 
EA417 E25 2 9.6 46.6 0.97 46.6 51.0 0.05 51.0 
48.3 
50.2 
0.10 
0.10 
49.3 
2DC75 E26 2 8.9 45.1 0.97 45.1 52.1 0.01 52.1 
44.9 
50.9 
0.10 
0.07 
47.4 
45BA7 E33 2 1.0 --- 0.00 --- 
51.9 
55.3 
0.02 
0.04 
54.2 
51.9 
55.3 
0.02 
0.03 
53.9 
4FCDE E66 4 16.3 
47.3 
50.6 
0.97 
0.17 
47.8 
52.7 
50.9 
0.13 
0.27 
51.5 
52.7 
50.8 
50.3 
50.6 
0.11 
0.33 
0.04 
0.09 
51.1 
7BCFD M15 3 17.8 
35.9 
34.2 
0.99 
0.94 
35.1 39.0 0.04 39.0 
38.2 
37.1 
37.4 
0.11 
0.13 
0.09 
37.5 
89A05 M15 2 13.1 44.9 0.98 44.9 39.0 0.29 39.0 
51.2 
38.5 
0.10 
0.30 
41.7 
9 8  22  97.2           
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Table 2. Week 2, 20 to 26 May 2013     
Partic 
Cell 
code 
Readings 
(days) 
Total 
hours 
LAeq 9h %9h 
Avg 
9h 
LAeq 
15h 
%15h 
Avg 
15h 
LAeq 
18h 
%18h 
Avg 
18h 
7CB49 E2 2 1.26 --- 0.00 --- 
51.1 
53.0 
0.06 
0.02 
51.6 
50.0 
53.0 
0.06 
0.01 
50.4 
9EFD1 E9 5 18.3 
56. 9 
48.8 
0.99 
0.96 
52.8 54.8 0.04 54.8 
59.4 
60.0 
53.1 
49.7 
0.10 
0.06 
0.15 
0.04 
55.7 
2DC75 E26 2 23.7 43.4 1.00 43.4 
55.1 
48.0 
0.78 
0.20 
53.7 
54.8 
47.6 
0.71 
0.27 
52.8 
BK Ref 
Site 
E26 2 23.0 38.4 1.00 38.4 
33.8 
35.7 
0.09 
0.85 
35.5 
35.7 
53.8 
0.19 
0.76 
50.2 
DCADB E26 2 11.1 40.1 1.00 40.1 
60.6 
47.0 
0.11 
0.03 
57.7 
57.6 
46.0 
0.20 
0.08 
54.3 
BK Ref 
Site 
E33 2 21.7 35.0 1.00 35.0 
52.9 
44.3 
0.07 
0.77 
45.0 
52.1 
43.6 
0.17 
0.70 
45.3 
BK Ref 
Site  
E39 2 23.2 23.2 1.00 23.2 
27.4 
34.7 
0.16 
0.78 
33.5 
26.3 
34.4 
0.25 
0.71 
32.3 
BK Ref 
Site  
E54 2 22.1 32.1 1.00 32.1 
42.7 
52.9 
0.14 
0.74 
51.3 
40.5 
52.6 
0.23 
0.67 
49.5 
182C8 E54 2 2.2 40.3 0.01 40.3 37.4 0.14 37.4 
40.3 
37.4 
0.01 
0.12 
37.6 
BK Ref 
Site 
E58 2 22.9 35.6 1.00 35.6 
29.6 
49.1 
0.08 
0.85 
47.4 
31.6 
48.3 
0.18 
0.76 
45.1 
CE470 E65 6 41.8 
56.9 
58.1 
0.97 
0.73 
57.4 
75.0 
60.7 
62.6 
61.3 
59.7 
0.02 
0.82 
0.12 
0.66 
0.14 
61.1 
75.0 
60.5 
62.2 
61.3 
59.3 
0.02 
0.79 
0.16 
0.60 
0.15 
61.0 
BD9E7 E66 
6 
  
54.8 
50.2 
 49.1 
 49.9 
50.6 
0.97 
0.97 
0.97 
1.00 
50.0 
53.5 
56.0 
55.4 
55.5 
54.1 
49.8 
0.10 
0.04 
0.27 
0.32 
0.52 
0.06 
54.5 
52.5 
55.8 
54.7 
54.6 
54.0 
49.4 
0.19 
0.07 
0.34 
0.42 
0.59 
0.10 
53.9 
4FCDE E66 1 8.0 46.7 0.75 46.7 53.9 0.09 53.9 53.4 0.11 53.4 
BK Ref 
Site 
E66 2 22.4 30.4 1.00 30.4 
26.2 
45.3 
0.09 
0.80 
43.4 
27.7 
44.6 
0.19 
0.73 
41.1 
6A4EA M11 5 24.6 
35.5  
33.4 
32.8 
0.84 
 0.91 
0.86 
33.9 34.7 0.07 34.7 
34.8 
35.5 
34.6 
34.2 
0.05 
0.12 
0.08 
0.11 
34.8 
89A05 M15 2 9.8 37.4 1.00 37.4 
41.3 
43.1 
0.04 
0.01 
41.7 
39.4 
42.8 
0.14 
0.07 
40.5 
7BCFD M15 7 34.3 
49.8  
35.8  
38.9  
36.8 
 38.6 
0.90 
0.99 
0.96 
0.92 
0.80 
39.9 --- 0.00 --- 
56.2 
44.7 
41.4 
40.4 
46.1 
57.2 
0.07 
0.16 
0.15 
0.14 
0.04 
0.01 
44.5 
70FAC M16 4 21.0 
44.4 
 45.9 
 43.5 
0.95 
0.46 
0.86 
44.4 46.0 0.04 46.0 
45.4 
47.3 
45.6 
48.3 
0.14 
0.03 
0.12 
0.01 
45.8 
F3F8B M23 5 15.2 
39.6 
26.3 
0.75 
0.68 
33.3 
32.7 
32.2 
0.07 
0.07 
32.5 
35.2 
31.3 
0.11 
0.12 
33.2 
C1215 M24 6 45.0 
39.0 
 37.8 
 49.9 
 35.7 
 40.7 
0.89 
0.81 
0.89 
1.00 
0.97 
40.6 
51.1 
42.1 
40.0 
53.0 
49.0 
0.04 
0.03 
0.06 
0.10 
0.04 
48.0 
36.6 
48.1 
41.1 
53.3 
50.5 
46.3 
0.05 
0.13 
0.16 
0.16 
0.25 
0.07 
47.6 
D7BC5 M44 4 50.0 
33.6 
39.4 
 37.6 
1.00 
1.00 
0.22 
36.6 
52.6 
46.4 
44.0 
57.9 
0.17 
0.97 
0.78 
0.07 
46.4 
50.9 
45.8 
43.8 
54.9 
0.25 
0.98 
0.71 
0.17 
46.5 
21  15 71  496.4           
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Table 3. Week 3, 27 May to 2 June 2013     
Partic 
Cell 
code 
Readings 
(days) 
Total 
hours 
LAeq 
9h 
%9h 
Avg 
9h 
LAeq 
15h 
%15h 
Avg 
15h 
LAeq 
18h 
%18h 
Avg 
18h 
7CB49 E2 2 11.0 43.5 1.00 43.5 
47.5 
50.2 
0.09 
0.05 
48.5 
46.0 
49.8 
0.19 
0.09 
47.2 
BK Ref 
Site E2 2 22.4 44.4 1.00 44.4 
41.6 
51.9 
0.10 
0.79 
50.7 
42.0 
51.3 
0.20 
0.71 
49.3 
9EFD1 E9 2 23.6 39.3 1.00 39.3 
45.2 
47.4 
0.17 
0.80 
47.0 
43.7 
47.2 
0.25 
0.72 
46.3 
BK Ref 
Site 
E9 2 22.5 36.6 1.00 36.6 
31.2 
46.1 
0.11 
0.79 
44.3 
32.2 
45.4 
0.20 
0.71 
42.5 
DCADB E26 2 11.8 54.2 1.00 54.2 
52.5 
53.3 
0.14 
0.05 
52.7 
55.3 
53.1 
0.23 
0.09 
54.7 
45BA7 E33 1 0.6 --- 0.00 --- 58.0 0.04 58.0 58.0 0.03 58.0 
2F7FE E58 2 8.7 39.8 0.86 39.8 55.1 0.06 55.1 
42.7 
52.4 
0.04 
0.11 
49.8 
BD9E7 E66 5 32.2 
52.4 
52.7 
62.8 
1.00 
1.00 
0.01 
52.6 
54.4 
55.4 
57.3 
57.8 
0.36 
0.04 
0.22 
0.32 
56.3 
53.9 
56.7 
56.6 
58.7 
0.41 
0.09 
0.29 
0.33 
56.2 
BK Ref 
Site 
M11 2 23.2 29.4 1.00 29.4 
21.3 
43.3 
0.12 
0.83 
40.5 
23.0 
42.5 
0.21 
0.74 
38.2 
7BCFD M15 3 23.4 
64.4 
37.4 
37.4 
0.78 
0.84 
0.96 
45.6 44.8 0.01 44.8 
60.1 
41.4 
42.0 
0.13 
0.14 
0.03 
49.6 
BK Ref 
Site M15 2 21.9 36.6 1.00 36.6 
28.3 
41.5 
0.10 
0.76 
40.0 
34.0 
40.8 
0.19 
0.69 
39.3 
70FAC M16 5 24.8 
41.7 
45.3 
44.0 
0.82 
0.92 
0.96 
43.7 
48.8 
46.9 
0.01 
0.03 
47.4 
45.5 
43.8 
51.0 
45.3 
47.7 
0.12 
0.10 
0.03 
0.14 
0.04 
45.6 
F3F8B M23 5 15.0 
27.5 
25.8 
0.66 
0.69 
26.6 
33.2 
28.6 
0.06 
0.12 
30.1 
32.1 
28.2 
0.11 
0.16 
29.8 
C1215 M24 7 49.5 
37.2 
38.0 
37.1 
38.2 
40.7 
35.4 
36.8 
1.00 
1.00 
0.88 
0.90 
1.00 
0.81 
0.19 
37.8 
42.2 
50.0 
47.4 
45.4 
43.7 
35.6 
35.2 
0.06 
0.08 
0.04 
0.05 
0.13 
0.05 
0.02 
43.9 
39.7 
47.3 
44.2 
42.1 
44.5 
37.6 
35.8 
0.16 
0.23 
0.14 
0.16 
0.28 
0.11 
0.17 
42.3 
D7BC5 M44 4 45.8 
36.0 
32.7 
44.9 
0.78 
1.00 
0.21 
35.3 
45.4 
44.1 
49.5 
53.1 
0.76 
0.21 
0.76 
0.12 
47.4 
45.2 
42.4 
49.2 
51.3 
0.69 
0.28 
0.69 
0.21 
46.9 
F24CD M47 1 3.3 --- 0.00 --- 45.9 0.22 45.9 45.9 0.18 45.9 
BK Ref 
Site 
M47 2 23.0 27.5 1.00 27.5 
40.4 
45.2 
0.18 
0.75 
44.3 
37.8 
44.9 
0.26 
0.68 
42.9 
17  13  49  362.7           
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Appendix 2. Indoor Noise Data  
 
Table 4. Week 4, 3 to 9 June 2013     
    
Cell 
code 
Readings 
(days) 
Total 
hours 
LAeq 
9h 
%9h 
Avg 
9h 
LAeq 
15h 
%15h 
Avg 
15h 
LAeq 
18h 
%18h 
Avg 
18h 
7CB49 E2 1 1.1 --- 0.00 --- 47.8 0.07 47.8 47.8 0.06 47.8 
9EFD1 E9 1 1.2 --- 0.00 --- 61.3 0.08 61.3 61.3 0.07 61.3 
CE470 E65 4 47,6 
53.7 
61.5 
59.8 
60.5 
0.81 
1.00 
1.00 
0.13 
58.7 
63.2 
65.4 
64.1 
62.1 
0.16 
0.48 
0.30 
0.47 
63.8 
61.6 
64.9 
63.7 
61.8 
0.25 
0.51 
0.42 
0.51 
63.2 
DE58D E66 2 3.1 --- 0.00 --- 
52.2 
53.4 
0.18 
0.03 
52.4 
52.2 
53.4 
0.15 
0.03 
52.4 
BD9E7 E66 4 33.9 
50.5 
49.5 
53.0 
1.00 
1.00 
0.93 
51.0 
53.4 
55.2 
56.6 
57.7 
0.27 
0.15 
0.05 
0.04 
54.6 
52.8 
54.6 
55.3 
57.6 
0.33 
0.29 
0.17 
0.09 
54.4 
BK Ref 
Site 
E66 2 10.5 53.9 0.55 53.9 57.4 0.37 57.4 57.6 0.42 57.6 
BK Ref 
Site 
M12 2 10.4 35.4 1.00 46.9 44.0 0.18 44.0 41.3 0.26 41.3 
70FAC M16 5 21.6 
42.0 
45.4 
47.2 
0.83 
0.71 
0.78 
44.8 50.0 0.04 50.0 
46.4 
51.8 
44.8 
51.7 
0.15 
0.01 
0.06 
0.01 
46.4 
BK Ref 
Site 
M16 2 21.9 30.8 1.00 30.8 
31.7 
34.7 
0.21 
0.65 
34.0 
31.1 
34.7 
0.29 
0.60 
35.5 
F3F8B M23 3 0.1 --- 0.00 --- --- 0.00 --- --- 0.00 --- 
BK Ref 
Site 
M23 2 21.9 28.6 1.00 28.6 
32.0 
32.4 
0.18 
0.68 
32.3 
31.2 
32.4 
0.26 
0.62 
32.0 
C1215 M24 5 30.5 
36.0 
34.5 
40.5 
37.7 
36.7 
0.78 
1.00 
0.11 
0.96 
0.23 
36.3 
48.3 
43.9 
47.3 
41.3 
0.04 
0.05 
0.06 
0.03 
45.6 
44.9 
41.9 
42.8 
38.0 
38.8 
0.20 
0.10 
0.20 
0.05 
0.14 
42.1 
BK Ref 
Site  
M40 2 17.0 31.7 1.00 31.7 
35.2 
35.0 
0.14 
0.47 
35.0 
33.8 
34.6 
0.22 
0.39 
34.3 
D7BC5 M44 4 51.3 
46.5 
35.3 
36.9 
0.78 
0.85 
1.00 
39.2 
51.5 
37.8 
43.8 
51.8 
0.72 
0.20 
0.18 
0.74 
49.4 
51.5 
36.9 
41.9 
51.4 
0.65 
0.28 
0.26 
0.68 
47.9 
BK Ref 
Site 
M44 2 21.8 46.9 1.00 46.9 
47.6 
52.3 
0.07 
0.78 
51.9 
46.8 
52.3 
0.17 
0.71 
51.2 
F24CD M47 1 3.12 42.7 0.35 --- --- 0.00 --- 40.3 0.05 40.3 
14  11  42  249.4           
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Appendix 2. Indoor Noise Data  
 
Table 5. Week 5, 10 to 16 June 2013     
Partic 
Cell 
code 
Readings 
(days) 
Total 
hours 
LAeq 
9h 
%9h 
Avg 
9h 
LAeq 
15h 
%15h 
Avg 
15h 
LAeq 
18h 
%18h 
Avg 
18h 
CE470 E65 1 0.1 --- 0.00 --- 71.2 0.01 71.2 --- 0.00 --- 
BD9E7 E66 2 15.8 50.6 1.00 50.6 
55.2 
58.8 
0.34 
0.12 
56.1 
54.4 
58.3 
0.40 
0.15 
55.5 
70FAC M16 5 27.5 
43.7 
45.9 
48.4 
43.9 
0.88 
0.96 
0.96 
0.17 
45.9 
49.0 
49.8 
0.03 
0.02 
49.3 
45.9 
46.8 
49.1 
50.2 
43.9 
0.08 
0.16 
0.16 
0.04 
0.09 
47.1 
F3F8B M23 4 10. 7 24.9 0.73 24.9 29.0 0.27 29.0 28.5 0.28 28.5 
C1215 M24 3 23. 8 
35.5 
39.7 
34.9 
0.71 
0.82 
1.00 
36.6 
36.5 
45.4 
0.04 
0.03 
40.3 
39.2 
34.9 
43.1 
0.11 
0.14 
0.08 
38.3 
5  5  15  77.9           
 
 
Table 6. Week 6, 17 to 23 June 2013 
Partic 
Cell 
code 
Readings 
(days) 
Total 
hours 
LAeq 
9h 
%9h 
Avg 
9h 
LAeq 
15h 
%15h 
Avg 
15h 
LAeq 
18h 
%18h 
Avg 
18h 
7CB49 E2 1 0.5 --- 0.00 --- 45.6 0.04 45.6 45.6 0.03 45.6 
CE470 E65 1 0.1 --- 0.00 --- --- 0.00 --- --- 0.00 --- 
DE58D E66 1 0.8 
--- 
 
0.00 --- 48.0 0.06 48.0 48.0 0.05 48.0 
70FAC M16 5 38.9 
41.8 
44.3 
44.6 
42.7 
47.3 
0.74 
0.76 
0.95 
0.93 
0.91 
44.2 49.5 0.02 49.5 
45.4 
46.9 
45.2 
45.8 
53.6 
0.13 
0.13 
0.13 
0.13 
0.02 
46.1 
F3F8B M23 5 0.2 --- 0.00 --- --- 0.00 --- --- 0.00 --- 
5  5  13  40.5           
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Appendix 2. Indoor Noise Data  
 
Table 7. Week 7, 24 to 30 June 2013 
Partic 
Cell 
code 
Readings 
(days) 
Total 
hours 
LAeq 
9h 
%9h 
Avg 
9h 
LAeq 
15h 
%15h 
Avg 
15h 
LAeq 
18h 
%18h 
Avg 
18h 
7CB49 E2 3 2.2 --- 0.00 --- 
50.2 
63.4 
57.9 
0.05 
0.04 
0.06 
56.8 
50.2 
63.4 
57.9 
0.04 
0.03 
0.05 
56.7 
DCADB E26 4 29. 7 
47.0 
47.9 
42.9 
0.94 
0.95 
1.00 
45.9 
45.8 
46.8 
45.5 
0.07 
0.09 
0.09 
46.1 
52.8 
50.1 
46.1 
45.1 
0.08 
0.20 
0.24 
0.13 
48.0 
CE470 E65 2 7.2 --- 0.00 --- 
67.7 
60.7 
0.09 
0.39 
62.0 
67.7 
60.7 
0.08 
0.32 
62.1 
DE58D E66 1 1.8 
--- 
 
0.00 --- 49.7 0.12 49.7 49.7 0.10 49.7 
F3F8B M23 2 0.1 --- 0.00 --- --- 0.00 --- --- 0.00 --- 
5  5  12  40.9          
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Appendix 3 
Outdoor and Indoor exposure to traffic noise in the study area 
 
This appendix presents eight maps with data related to outdoor and indoor exposure to traffic noise 
in the study area (Eastern and Monash Freeways) based on multiple sources.  
The outdoor noise maps are based on VicRoads noise map model developed in 2011, with LA10 18 
hours as the noise indicator. 
The indoor noise maps are divided into LAeq 9h (night), LAeq 15h (day) and LAeq 18h (extended 
day), and they are based on readings by the community using 2Loud? application and indoor noise 
readings in reference sites as an average of the seven weeks of the study.  
 
Map 1. Outdoor Noise: Eastern Freeway, LA10 18h (6am-12am), dB(A)     
Map 2. Outdoor Noise: Monash Freeway, LA10 18h (6am-12am), dB(A)     
Map 3. Indoor Noise: Eastern Freeway, LAeq 9h (10pm-7am), dB(A)     
Map 4. Indoor Noise: Monash Freeway, LAeq 9h (10pm-7am), dB(A)     
Map 5. Indoor Noise: Eastern Freeway, LAeq 15h (7am-10pm), dB(A)     
Map 6. Indoor Noise: Monash Freeway, LAeq 15h (7am-10pm), dB(A)   
Map 7. Indoor Noise: Eastern Freeway, LAeq 18h (6am-12am), dB(A)     
Map 8. Indoor Noise: Monash Freeway, LAeq 18h (6am-12am), dB(A)      
    
 
Sources: Esri, DeLorme, NAVTEQ, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo,and the GIS User Community¯0 500 1,000250 Meters
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